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PREFACE 


which may well prove to be of supreme imptjrcina 
for the welfare, and, it may be, the advaticemem u 
the human race. 

If there is a peaceful future for aviation, 'in matj| 
suppose, the physical and mental test*) devised for tin 
selection of war pilots in Colontd Flat k's iin tuie 
be the foundation on which we shall build in 
izing the personnel of a great new industry of t uiiii 
munications. 

To mention but one more case. In itie fieltj id 
peaceful industry what results are likely to t>»* nf 
greater utility than the “efficiency and fatigue “ data 
drawn from the munition factories? And what con- 
ditions could have been more favourable for iheir 
collection than those provided where vast quantities 
of shells, cartridges, and other engine* rf war were 
being produced? 

The collection as a whole, incomplete m It neces- 
sarily is, seems to show that much of the “war work** 
of biology will have its peaceful application. The 
“sword” which the biologist wield* In war become*, 
automatically, a “ploughshare” with the dawn irf 
peace. 

F. W. O. I 
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the course of the exposition we slsitU hiivr ui to 

consider all that is necessary to tliodut; ' 

of all the problems that arc likHy to inci-t u-. vili ,f- 
quently, although naturally in their main t . oniv. 

Proteins. — When we groiv we prodme nmv |h«|v 
substance. When this is suhjccffd to 
analysis, what do we find that it coitt.tin' / 1 hi-o' 

are the elements carbon, hydrogen, oxygen, iniriig< n, 
sulphur, and phosphorus in organic* lombimisioii, 
together with certain inorganic salts. 

As regards the salts, we do not reijuirc* j^ive 
special attention to them, because? they an* }»r«*s.c*iit in 
all natural articles of diet, while sulphur and pbess. 
phorus are also present, in the cornparativi-ly small 
amounts required, in the sources of nitnegen i»;ad. 
The case is different with the other four elemenis. 
We must have not le.ss than some definite ami fairly 
large amount in order to live and work. 

Let us direct our attention to nitrogen in the first 
place. Although this gas is pmseni in the atmoj*. 
phere in large quantities, animals cannot make use 
of it in this form, although some plants mn dc* .w. 
For our use it must be already TOmWned with carlKin, 
hydrogen, and oxygen in some form, and the simjilrst 
form actually found to serve is that of the aroino-a* ids, 
which may be regarded roughly as simple* organic 
acids to which is linked the residue of an ammonia 
group. But although these in the pure state h.jvr 
been shown to be able to serve as niirogtcn ftaid, the 
actual source from which we obtain them, on m roiint 
of its convenience, is by the digestion of what arc 
known as pvteins. These consist of a numlw-r of 

. The action of the 
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Before doing so, a word may be said as to the 
relative value of animal and vegetable protein, rin-re 
is no difference. ♦ Especially .should it be ke|»t in 
mind that there is no special virtue in butcher's inrai. 
At one time it was thought that vegetable proteins 
were less digestible. While this may bi! true (or 
those in certain nuts, the work done in the l.iSK»tatory 
of Professor Hopkins at Cambridge, of whirl) .in 
account will be found in the second lecture of iIiih 
series, shows that the protein in the present “war- 
bread” is practically utilized in full. 

Carbohydrates. — Familiar instances of tarljohy- 
drates are starch and sugar. f*otato«*ji coit.sis»l in 
large proportion of the former. 

In chemical composition they may he regard**d a* 
being formed of carbon and water in equal pmjior- 
tions, but differing as to the total numter of atom* 
in their molecules. Since they contain no niinjgen, 
they cannot serve for growth or for mpla«meot of 
wear and tear. What then is their use? A similar 
question applies to fat, the third constituent given in 
diet tables. We are thus fed to a discussion of ibe 
meaning of the word “calorie”, which is now 
himiliar to everyone as expressing the value of a diei 
in a particular asp^t So much sugar, for insianre, 
is said to be equivalent to so many “calorie*”. 

Calorie.— Perhaps the most striking characieriatiK 
of living beings is their peipetual change. N»m» 
changes, as we all know, cannot be browghi about 
without work being done, both in the physical and 
the social spheres. In the language of science, tlir 
capacity of doing work is tailed “energy ”, and wlmt 
is important for our present purpose is that llw name 
is used in no metaphorital ntanher, but fier somwhing 
that can be measured, so that different amounts *»f 
energy can be exactly eompared. Fmhabiy why 
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there is diffii uJty in looking u}>iin energy i*, n fe.M 
thing is thju it rannol be seen ntHl h.ititliecl .i*. m.iHer 
is. But one td the most .signirieatU and fiinil.imernai 
diseoverit'S ot mod«Tn se.i«ntee i.s that tliew; is no loss 
and no creation of energy, although <»tie form f*f if < an 
be converted into a corresponding amonnt of another 
form. Of these various forms we may mention heat, 
electricity, motion, energy ttf chemiial change, and 
Si) on. 'I'he most generally known cjcse in which wr 
artnally pay for units «»f energy as sui li is that of 
the electric.il etiergy which we use fi»r heat an»l light. 
The facts cle.scrilx’il aljove will be re» »ignij!ed by many 
readers as the hiw t»f 

Sincis then, any form of energy ran !»»• ci*nverieii 
intii any t»iher, it is convenient u» express ifjem all, for 
die purpo.se.s of measurement, in the same unit. And, 
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burned up, as we say. This combustion is effected 
by living organisms, and the results, both in the 
chemical nature of the products and in the amount of 
energy obtained, are identical with what would have 
been the case if the food had been burned under a 
steam boiler. Without oxygen, therefore, we could 
obtain no energy. 

All three classes of food — fat, carbohydrate, and 
protein — are used for this purpose. Carbohydrate 
and protein, weight for weight, are equivalent; fat 
is of higher value in proportion to its weight. The 
fact that protein contains nitrogen is of no importance 
in this respect. By far the largest part of our food is 
needed for the purpose of supplying energy. We 
should notice that the precise chemical constitution 
of the food does not matter. The. fact is very striking 
in the case of certain micro-organisms, which are able 
to burn paraffin, methane, or hydrogen as food for 
energy purposes. We may compare the structure of 
living cells to the mechanism of a petrol motor. Work 
is done by the motor by making use of the energy 
afforded by the combustion of the fuel with oxygen 
from the air. The fuel enters in no way into the 
chemical composition of the motor, and may be either 
petrol, benzene, alcohol, or other volatile combustible 
liquid, or even gas. Iron is useless. 

To give an aspect of reality to this energy value 
of food, samples of various food-stuffs, each of loo 
calories, have the following weights:— 

Casein or egg white (pure proteins) ... 24.5 gnu. 

Fat ... ... ... ... 13.5 ,, 

Cane-sugar (carbohydrate) ... ... 24.5 ,, 

Meat... ... ... ... 46 ,, 

Bread ... ... ... ... ... 37.5 

Oatmeal ... ... ... ... 2^ ,, 

Milk ... ... .... ... ... ..y,. 145 •' >> ' ' 

Beer ... ... ... ... ... ... 1300 ,, 

.» 
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tite”, and it appears to be thought that ihr inon* 
one eats the better. The pig is more useful, les .nee 
he stores much of the food he ttonsumes for our fnitire 
use. 

One hundred grammes of protein is errtatnly it 
liberal allowance, and could probably be retluii'd 
without harm if replaced by an i?t|uivali’til lalnfie 
value in carbohydrate or fat. In point of fact, natural 
articles of diet always contain sufficient priitiriii if 
consumed in requisitfe amount to give the ner es«»ry 
energy value. For this reasrtn 1 have, in an«Hher 
place, altered the well-known proverb so as to apply 
it to the food problem — “Take care of the i, dories, 
the protein will take care of itself”. 

A few words are desirable in respect of fats, -Since 
both fats and carbohydrates are used for the same 
purpose of supplying energy, it would Ije itaturai Ui 
ask, Why do we take both? We know% Indeird, ihni 
fat can be made out of carbohydrate by the organism, 
and yet, if fats are withheld, them is an undoubted 
craving for them. Apart from the difficulty r»f making 
palatable dishes without the use of fat, them seems to 
be evidence that it fulfils some important physiologicai 
function. But exactly what this i.s lies at present In 
obscurity. 

“ Flesh-fonnars." — ^This is a misleading expression 
and should not be used. It is usually applied to pro- 
teins, but it suggests properties that tin not exiHi. 
Whatever food te taken it does not of Itjwlf cau'u* 
increased growth of muscle. This growth only fessthiv 
from increase use. For muscular wrirtt, the food 
consumed by preference is carbohydrate. Although 
protein can be used for energy purposes, It is wasteful 
to do so. There is evidence also that it may he taken 
in ^cess. But any pathological results am mg dt» 
to increased uric acid production. No evidence him 
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been brought to slunv th;it it is a toxie sub-i.irire, 
notwithstanding the mmsetise {mhlishni in «rr».»in 
advertisements. 

“Heat-giving" Food. • 'I’his name is also used in 
consequence of a mi.suixJersfatnling of fundaniemal 
forts. Properly sjaraking, it is appit* .tbli* to all kiml*. 
of food, and is tsjuivalent to emTgy-giving. I he 
confusion is due to the lailuri* ti» realize that heal is 
one of the forms of energy, which are miitiiaHy ron- 
vertible. It i.s incorre* t to speak of “heat aW 
energy” a.s i.s often done, if a fiaid is lapabie i»f 
affording heat, it is als<i capable of giving the olher 
kinds of energy also, ini iitdiiig that of mtea iil.ir 
w<»rk, .Sugar i.s ,soineiifne?» t .died a heat-giving siil>. 
slaiice, whereas it is the typii .d source of energy fi»r 
musiailar contrartion. If any fianl is to Is* cajled 
.spttcially heat-giving, alcohol, .icioftling to K. 
lanby’s investigations, might jwrhaps b»; more a|i. 
pfopriately called by lhi.s name. Pr«ilei«, in the par- 
ticular asfMJct to Ire referred to helow, tniglii also lx? 
included. 

Before we pass to this {Mtint. a weird may tie 

said alKiut Clothing. Pari of our fuoil is sjn»ni in 
keeping up otir temperature, mainly as a hy-prmiucl 
of musttuiar work, and especially in cold weather. It 
is clear, therefore, that the less he.ai is hisi to the mil- 
side the less fot^ is needed. Hence a certain w'oinnny 
is efTeiaed by warm dolhing. and, it tnay Im added, 
by warming the house. 

It is neosnsary to be c,tMlimis in win^iiig 
a^rtions an to any sptsdid pprutPfii -foptl* 

Some hold that a full pr»iewM|li-(:'ffnsufr!i grmwf 
resistanw to inteipii. I that I have litfeo 

unable to find any saififaci|ii^«vid|n^, |hat this is 
the case. Hr. Carter, of Bwi^ghlfif, 
investigation, found no evideil^ the inctdeiif e iif 
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tuberculosis had any relation to tlu- anir.un -t n...-. n, 
taken. It was clearly related to a low e..!..,.- ^ .n. . 
and especially'to absence of a due pr.iporiiou oi i-O, 
The question of the stMalled •' sjix th* •K nann- 
action” of protein is a diffuudt one. 1 h” •« t *•» 
which this imposing; name is given .s tins, Soppo .. 
that the energy given ofl by an iminmiH.d n. bnng 
measured byconversion into heat. .»ml that -i known 
calorie value of fat or carbohydrate ts taken and the 
extra energy output determined. It m f*»und to Iw 
equivalent to that of the fo.*d taken. ’Ibis ts not 
so with protein. In thi.s case nmr energy is given 
out than correspond.s to that of the ftiod t.»ken; th«’ 
chemical proce.sse.s of the cells have been stiimdated 
to greater activity, and the protein taken has br»«ight 
about the combustion of other materia! in atldition to 
that of itself. There i.s, as yet, some tiispnie as to 
whether this is of real advantage to the organism or 
not. There are two .statements with resjitfti to it that 
make it difficult to believe that it is other than waste- 
ful. It is produced at a particular lime after the 
ingestion of protein, whether wanted at that lime or 
not. And, secondly, it i.s said to show itself wily m 
heat. Hence my remark above as to protein Inung in 
some circumstances a heat-giving ftaitl. At the same 
time the meaning of this statement is not clear. 
Presumably it is that the energy prwiucfd by the 
extra combustion is given off when nm ref|uifeil for 
other purposes, and is therefore wasted in the form of 
heat. In other words, it must be got rid of josmehow. 
But, of course, if the body is burning up malrrifd to 
keep up its temperature in cold weather the raira hr«i 
is not wasted, since it takes the plat® of cahrr 
tions. 

We may remember that in the process of utiliraiiim 
of protein for energy purpoites the nitrogennus part i% 
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split off and excreted, while the non-nitrog-enous part 
is oxidized like carbohydrate or fat. It is possible, 
however, that this latter part may be more easily or 
more economically oxidized than the more complex 
carbohydrate or fat. The recent observations of 
Anderson and Lusk show that protein has no special 
value in this respect. The amount of energy value 
required by a dog to do a particular piece of work 
was the same, whether derived from its own store or 
from a diet of carbohydrate or of protein, namely, 
0.580 kilogrammetre per kilogram of body weight 
transported i metre. It was, perhaps, rather less in 
the case of carbohydrate. But what is of interest 
in the present connection is that when protein was 
used the extra amount of energy due to its specific 
dynamic action” was given off in addition to that 
utilized as work; hence playing no part. In other 
words, when the work was done at the expenditure 
of protein, the body lost more energy than when the 
same work was done at the expense of carbohydrate. 
It is difficult to avoid the conclusion that there was 
waste. 

On the whole, the ‘^specific dynamic action” appears 
to be merely an incidental occurfence in the mode of 
utilization of protein, of doubtful, if any, benefit. But 
there still remains something to be cleared up. 

Accessory Factors or Vitamines”.— It is now well 
known that the presence of some substances in addition 
to the ordinary fat, carbohydrate, and protein is neces- 
sary in order that a diet may be adequate for growth, 
and also in order that the appearance of certain 
diseases may be avoided. For this reason these par- 
ticular diseases are called ‘‘ deficiency diseases”. 

Although Captain Cook found out that scurvy could 
be prevented by taking fresh fruit and vegetables, the 
chemieal nature of these accessory factors” is still 
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unknown. It is true that the name *' •, w.ij, 

introduced by Casimir Funk a f«*w yvuTs a^'o, on ih»* 
mistaken belief that he had discovered ihc i hcmnal 
nature of the factor necessary to jircvetn Itcrdwri. 
The chemical implication of the name is misiiMdini,^, 
since it has turned out that, so far from these sub- 
stances being amines, they do not .always even r otiiam 
nitrogen at all. It would be better to avoid the um* 
of the term altogether, but, owing to the fact that no 
satisfactory short name has been proposrti, vita- 
mine” has come into rather general uw, rcgrritabli* 
as it may be. 

The subject is dealt with in a special Irciun* of ihir. 
series, so that very few words will sufTice in thiji place. 

Most natural articles of fotid contain some of them, 
although in varying amounts. Fresh fniii ami vege- 
tables are the richest source, especially of the ami- 
scorbutic factor. They are destroyed by pmlongcd 
heating and by (Attain preservative methods. Alkali 
makes them more vulnerable. 


They appear to be of several kinds, but may be 
divided into two main groups, »s M‘Coll«m*Has 
shown. Thus, rats fed on polished rice atone will 
not grow, nor if butter be added, nor again if wheat 
germ alone is added. But it is only nec^siiary to add 
a minute quantity of both together to make polished 
nee perfectly adequate. The factor in butter i» rr- 
pr^ntative of a group soiuble in &ts, htn« calW 
Fat-soIuble A factor”. That in wheat grrm is «ni* 
of the group known as “ Water-solubte B fitotor". 

Wheat germ or any dried seed is insurticirni to 
prevent scurvy. The factor deveto|ni only on gernti- 
nanon, as shcwirn by Dr. Chick and Mim K««i, 
Econonqr in Diet— I may conclude with a few re- 
marks on the ques^n that concerns ua m vitally at 
toe present time. That care and economy art aiways 
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desirable may be taken for granted; they are now, 
unfortunately, a necessity. 

While accepting this to be the case, I would venture 
to appeal to the authorities to be perfectly open, and 
to let us know the whole truth of the matter. Vague 
statements do not convince, and are sometimes contra- 
dictory. People are not impressed by being told that 
a controller ‘‘views the situation with alarm”, unless 
they know how much is required to alarm that par- 
ticular gentleman. It appears that alarm is frequently 
founded upon calculations of loss by submarine attack, 
on the assumption that it will continue to proceed at 
the same rate as the present. If the curve of destruc- 
tion be examined, a glance will show that it has 
steadily declined, although in a somewhat irregular 
fashion. 

We cannot shut our eyes to the fact that enormous 
quantities of wheat, jam, meat, and other things come 
to us from overseas for the supply of the army. If we 
were told that we in England must be satisfied with 
less than usual in order that the army should be well 
fed, no one would make any protest. There can be 
no question that the astonishing freedom from disease 
is, in great part, due to the good food supplied 
abundantly to the troops. One might perhaps be 
inclined to be doubtful whether the meat ration might 
not be somewha#t diminished in favour of more carbo- 
hydrate. But I am aware that this is a rather con- 
tentious subject. 

It is universally agreed that the present is a very 
critical period in the progress of the war, and the 
question may very well be argued whether it would 
not be better, in the interests of national efficiency all 
round, to postpone any possibility of underfeeding 
until absolutely necessary, leaving the future to take 
care of itself* 
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No amount of contempt for the data ol m i« n« e j-an 
get over the fact that no work c-..n !«• obcntx d w 
its equivalent energy value in food. Very !• « ot us 
could be allovvi'd to lie in bed doing Hoibin;;. 

But the problem arisc.s as t«) how mu. ii i*. re.dly 
necessary. VVe have seen tii.ii e,d>ne ". m-»v in- 

regarded as the ab-sohite minimum for .» grown m.oi 
doing no external work. And that »*50“> «.»l»»tus 
suffices for what are called sedentary oei npatiom.. 
But, according to the careful records ohi;ii»*<l by 
Hopkins and Wood, an average mitklli -* I;*-.-, tanniy 
before the war consumed al»ul 4400 lalories per 
person. This seems undoubtedly t»> !«: imn«-i esvirdy 
great. On the other hand, the die! pro|nwri} liy the 
food controller at the present time (janiary, n»i«h 
as far as rationed articles works «hiI at ioorj 
calories only. Therefore, if only moderate work is 
being done, 1400 more calories must lie obtained from 
unrationed articles, such as jrotatoes, Hsli. peas, .*vi*. 

— a rather large proportion, and fw»sibly hatile to 
lead to mistake.s in both directions. Do arcoiioi of 
the high nutritive value of bread as the basal ton- 
stituent of diet, it is doubtless best to leave it un- 
rationed, and to use ail available transfiort for wheat 
alone. The existence of a shonage of foial in the 
world as a whole is, or was at one lime, stated nr hr 
the fact. This was unfortunate, beatune many iwople 
happened to have heard of the large qitanitiieji of 
wheat in Australia and elsewhere, only wailing for 
ships to carry ifc The manifest untruth of the forimff 
statement naturally gave rise to doubbs a?, to wiM ther 
there was really any basis for other admonitions to 
the need for economy. Another point with res|ii*i:i to I 
the deficiency in ships is sometimes forgmien. nanmly, 
that it is greatly due m the large numter taken by 
army for transport and other purpowjji. Tlwt uuej.ti«» ; 
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of war bread itself is discussed in a subsequent lecture 
by Professor Hopkins, and I will only mention here 
that its digestibility and capacity of being utilized in 
the body is very high indeed, although there have 
been contrary statements made. 

Another point that will be found treated in this 
volume is connected with that of wheat, namely, the 
best means of using our own farm land for the growth 
of food, 

I cannot avoid referring to two matters which must 
give rise to some doubts as to whether there is any 
real shortage of cereals at all, however unfounded such 
doubts may be. The first is: Why is the breeding of 
race -horses and the continuance of race meetings 
allowed to occur? Admitting the necessity of not 
allowing the breed to degenerate, it is difficult to see 
the necessity of more than a very few race-horses. I 
will make no further remark about race meetings. 
The second one is more serious. It is the large 
quantity of beer that is still being made. No manipu- 
lation of figures can get over the fact of the loss of 
food value involved in brewing. Professor Cushny’s 
lecture tells us more about this. There is no real 
value in alcohol, and careful investigations have 
shown that the supposed diminution of fatigue is 
merely apparent and temporary. The fatigue at the 
end of a day’s work is less when beer is avoided. One 
cannot help the thought that it would turn out to be 
a national benefit if some totally unavoidable chance 
made it impossible to make alcoholic beverages. 
Those who think them a necessity would discover 
that, so far from this being the case, the capacity for 
work, mental and physical, is increased. I have no 
fault to find with those who admit that they take 
alcohol because they like it, and, in certain circum- 
stances, it may, in moderate amount, be innocuous or 
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even of some benefit. But the cases in which it does 
good are abnormal, and the results could be obtained 
in other ways. It is not, in fact, a necessity. . 

To return to the question of economy in the use of 
food, we may note that the point of view changes 
somewhat at different times, according to what articles 
are abundant. It seems that, while the supply lasts, 
it may be the duty of those who can afford to buy the 
more costly articles to do so, in order to leave the 
more essential ones for the poorer members of the 
community. Of course, in normal times this would 
be looked upon as waste. 

I have already mentioned the fact that the household 
consumption before the war appears to have been 
unnecessarily great. I say ‘‘appears’’, because the 
figures are taken on the assumption that the food is 
actually eaten. Since the “Yapp ration” has been 
introduced I have made enquiries in several house- 
holds where casual observation would detect no real 
deficiency on the table. I am told that, w long as 
waste is carefullv avoided in the kitchen^ there is no 
difficulty in supplementing the official ration by un- 
rationed articles up to a proper calorie value. It is 
evident that much economy is possible in the kitchen, 
and this is an argument for the extended formation ot 
national kitchens. There is no doubt, however, that 
the shortage of many articles has entailed more diffi- 
culties in the art of cooking. If it has brought the 
necessity for more knowledge, it will have had some 
good result It is not to be forgotten, nevertheless, 
that the more we are compelled to pay for our food 
the less we have to lend to the country in die shape of 
War Loan. 

In conclusion, I may refer briefly to two or three 
points of some importance. Suggestions have been 
made that when musculat exercise is taken otherwise 
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th;in as a part of the daily work k slitmlti iii» 
as iiiiicti as pmsihh^ hfcaiiisi* ii ioviiha^s ifrr 
don of more food, i !« think ifnil flits is a 

mistaken viinv. llin aetiia! itd-tliiioiml food iiis-.i^isarr 
is not great, and the o%ira appelilr may hr y^pi omiri' 
remtroL ff ilir eKorrisr lakrri im'misrs lln* rlfiririif'y 
of a person cioiiig work rd fialiriiial value in am* way, 
and ttif^rr srems liiilc* cloiibl of this, itir r\ira lotitl is 
well spimt. Till* jKisilinn of those wlin sfiriitl all llt#*ir 
time in l•xer^ase ftir aiinistonenTs sakr» is iliflrmit, 
Alttioiigh the iMoirlits of fresh air seiaii tifitlrrnatilr* 
it must he lamfessed ihtii il is cliliiiaili to say %%Tiy». 
There is tm evidenre of real drlirimry of toivgeii or 
of iiijyriciiis exrf^ss of rartmii dioskle or #iilter poultiras 
even in. rooms that- are fell to lie ** stiilTy It iiiiiy tie 
an f*frec:t of sliiiiiilation of tin.* skin fiy rnrreiiis of aifi 
a.s in the e%perimenfs of Leiinard I till hoitiew'fiai 
the same consideratiofis arist* in «tiniie«aitifi wilti lailil 
bat!i.s* More alunil fr«‘sli air will Iw* fotiotl in Pne 
fessor I\i*iiWiioci*s leiTiiri* l.3idow, 

III the dbciiisioti of (tmi mlmm m a wtiiile, ilir 
nornml heiilttiy ifiiJivkitiai lias ta^eii taken as tiir basis. 
In the ease cif those of weak dige^tjriri, It.!*:* 
of eerfain anirfes bting iticom|if«*lrly tiiilorfl mum 
he taken tutu miisiileration. 

W. M, Ii 
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WAR BREAD 

and its' Constituents 


Bread as a food-stuff is of supreme economic im- 
portance, because it supplies the essentials of human 
nutrition in a form which is especially cheap and 
convenient. In the cultivation of corn crops man- 
kind finds its best investment, and the nations that 
convert their corn into bread attain to an ideal of 
nutritional simplicity and convenience. 

When appraising the relative cost of nutriment as 
obtained in different foods, we must not, of course, be 
content to compare the prices per pound of various 
articles of consumption. We have to reckon the 
amount of real nutriment obtained for a given sum, 
which is by no means the same thing. If we apply 
this test, we discover the real cheapness of bread. 

At the present time prices are disturbed and arti- 
ficially regulated, so that it is more instructive to 
take our data from a period before the war. The 
following figures, which give the most practical form 
of comparison — the relative amounts, namely, of food 
energy obtained for a given sum — apply to purchases 
all made in one and the same district during the year 

1913:— 


Bread 

Potatoes ... 

g uaker oats 
ice 

Loin of pork 
Rump steak 
Cod-fish ... 
t^ohster ... 


... 10,800 
... 8,700 
... 7,440 
... 6,520 
... 2,010 
... 1,000 

... 670 

... 100 
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The short list as given will bf sufia it-u! Jo ih*.'uv 
the sutement that bread is pr«M‘iiiin«*nj!y > h< »}* .«> 4 
food-stuff. It is not surpri.sing, thrrffoic, m hurl Jh a 
it always forms a relatively large pminatioit •*! ili«* 
food of the poor. In the ease of laiiulo-s with v*-sv 
small income.s, bread often su|ip!ii’s as niui b as 
60 per cent of the whole energy in their rsh-n*. 

as in middle-cla.ss families it .supplies less than 40 p.-r 
cent, and among the wealthy amsitleralily less ih.iu 
this. When prices rise all romid under uih onindled 
conditions, bread still always remains the « he.nH-st 
food, and its consumption, unlike that of oihei hwls, 
tends in such circumstances to increasi? rather than to 
diminish. 

After the later ’seventies of the last cetilury, and 
until the beginning of the World War, ihe IJrilbh 
public was accustomed to bread which w.-** absolutely 
as well as relatively cheap, and although the Jsale i»f 
Food and Drugs Act, of 1895, permitted the use u( 
many other cereals in bread-making, the llriiiyi l»»af 
has in practice been nearly always a pure wheaten 
loaf, of light and porous character, and partkuiarty 
white in colour. When war broke <*ut we had wme 
to look upon a supply of very cheap and very while 
bread as part of the cou»e of nature. 

When the danger of acute food shortage arose the 
British public bad nevertheless to face the reaufia of 
a different ytollcy fo bread producthm, and in the 
minds of some people a certain degree of anxiriy 
arose lest the change should affect the public, hcahh. 
The changes in our loaf which we have Itad to hu.* 
are due first to the pre^nce of a higher prtiptmion of 
the whole grain in wheat flour, and, aea»nd, w» tlir 
pre^nce, or the o<%asionaI presence, of cereal* other 
than wheat in the bread. Prom time to time poiatoi'* 
also make their Appearance. The presfoce nl the more 
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cortical parts of the wheat Rraiii the t ohnir 

of the loaf, and the presence of other maleriah* alters 
its texture, and may also alter its colour. 

We as a nation have never }>een wil!inf.j to e.'it what 
is held to be iiiferitir bread. The hla« k breatls (rye 
breads) which mm- long the familiar fiaal of the 
pea.sants of Europe were always attathema to tis, It 
i.s mo.st intere.stit»)j, indeed, to learn from a p.is-.-iye 
in Langland's Ptt-rx Pimi-man that evi?n in the fmii- 
teenth century the English {UKir wouk! ’*eal no bread 
t: 





were familiar to prehistoric man: i*** 

was probably used for fcKKi long iM’fori- « 
period when it was carefully cultivatni by H 
Egyptians and the early Chineste. 

Throughout the historical {lerioci* aiifl 
longer, agricultural mankind has exprmhi 
and effort on two main cereal crops. Hi< .♦ 
are, and always have been, the great eulliv. 
of the world. Important as are uU-*, h; 
maize, they have never formed the Iw*^ 
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The nations of the West have adjusted themselves 
to the eating of wheat. Its special properties have in 
course of time determined their tastes, and they would 
doubtless seriously suiEfer if in their food wheat had 
to be largely replaced by any other cereal. Yet, 
after all, something like three-fourths of mankind 
dispense with wheat, and rice alone is the basal food 
of millions of Asiatics. What would be really missed 
by wheat-eating nations, if their special cereal were 
to fail them, is not any special nutritive quality of 
the grain, but the leavened bread with its light spongy 
texture which wheat alone among cereals can yield. 

Wheat contains certain protein material known as 
gluten, which confers special properties on the dough 
made by mixing wheaten flour with water. When 
yeast grows in the dough it ferments the small quan- 
tities of sugar present, and bubbles of carbon dioxide 
gas arise in the process. Now, because the gluten 
makes it tough and coherent, the wheat dough retains 
these bubbles, and during the baking the bubbles 
first expand and are then fixed by the drying and 
hardening of their walls, so that the bread gains its 
characteristic light and porous structure. Flours 
made from other cereals which are devoid of gluten, 
when mixed \^ith water and fermented with yeast, 
offer no resistance to the escape of gas; so the product 
when baked is solid and heavy and without porosity. 
Cereals without gluten cannot yield ‘‘loaves’’ in our 
sense of the term, and wheat gains pre-eminence in 
consequence. For the production of such loaves, 
however, the properties of yeasf are as essential as 
the properties of wheat. It is interesting to note in 
parenthesis, as an illustration of the way in which 
national industries may interlock, that if distilleries 
were closed down — a possible policy, not without 
appeal to many people — the trade of the baker would 


I 
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be dislocated for lack of the yca-st wlotli, i!«<u ih.it 
none comes from Germany, has it) b* 1*' <<)ir 

own distilleries. If we are u» have Ifavi-nt tl 
we must have yea.st, and if the latter i-^ l*» 1»«' 
we must afford the carbohydrate ftxHl whnh it 
demands. As when it grttws the yi-asi i(i»*vn.ii*iy 
produces alcohol from the carlwhydrau*. n M.mlti hr 
very wasteful not to distil and recover iht> sjnril. It 
comes to this, then, that if we watu leavenetl hn-acl 
we must keep going a consideralile j»r«*))*»rlii»n of «t«r 
distilleries. This does not, of course, nK Mii that the 
alcohol need all be drunk. It has .tbundani t»srs in 
industry. 

To return to the main point. Wheal iinwiaed gives 
us the best material for a well -piled lo.iif, but it is 
desirable, at a time when the actual miirilive value 
of a food is, after all, of more importance than its 
aesthetic qualities, to enquire how far, if at all, wheal 
is superior to other cereals as Miua! ntiirimeni. 

Wheat is doubtless an admirable basal food b«'* aiii>ef 
it supplies energy and protein in right proportion. 
Like other cereals it is deheient in fat s when ihiii is 
added, however, white wheaten bread, if we base our 
opinion on crude analytical data alone, would Kent 
to supply all the factors nemMry Ibr nutrition in 
excellent proportions. Experiments on nnimab show, 
however, that wheat when compand with other grain* 
has no outsunding merits as a nutrieni, Mo cerr<d, 
indeed, forms a perfectly Imlant^ food when eaten » 
the exclusion of everything elK, and recently won 
knowledge concerning the details of nutrition ha* 
made clear some reasons for this. Certain prrrteins 
found in vegetable foods differ in imptmani 
from the proteins of our own living tissue*, and there 
may be in consequent* considerable lack of mmmmy 
in the conversion of the former into Ian# r, or In 
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the ffi’tuTal ulilizati*)!! of proUrins in th** Iwwiy. Mhs 
is true of thi* riTeal prolrins. Nim wherr tlirfr is 
this liK'k of (•orresjMjndeneo hptwfi'n the n.imri* oi a 
food protein and the needs of the tissues, the e* onoiny 
of utilizaii«»n may la* i^reatiy improved l»y the mldition 
of even a sniaii tpianlity of protein derived from other 
f(K)d-stuffs. A very little easein from milk, for in- 
stance, greatly improves the value of a dietary when 
it replaces a pro{«»rtion of »«Te.d proteins, which may 
yet be forming the basal supply. Such ronsideiatjons 
as these partly explain the advantages of mixed 
dietaries. Kow bread is in practice not eaten aloiir, 
and deficiertcies, such as lho.se just mentinnnl, are irt 
reasonable dietaries largely « »»mf)env»let!. We hr»iv« 
ever, are considering tht! rpiaiities of bread in particu- 
lar. It may bt; stati*d with confidenci' that there is iiii 
evidence to show that wheat is really a better nulrietti 


26 


BIOLOGICAL PROBLEMS 


favour of it or otherwise. As this type of bread must 
continue to be the national supply for some time to 
come, and, as its use may possibly outlast the war, 
there is some excuse for considering rather fully such 
facts as are known to bear upon the relative food 
value of breads made from various types of flour. 

Although natural taste and preference doubtless 
played their part in so firmly establishing the use of 
a white porous loaf in this country, circumstances have 
done a good deal towards the creation of the taste, 
and historically events have acted and reacted upon 
each other in an interesting way to determine the 
nature of our bread-supply in successive period.s. 

If Britain could have continued to grow wheat 
enough to feed her population we might still be eating 
the somewhat dark-coloured nutty-flavoured bread of 
the stone-mill period; while windmills and watermills 
would still be familiar to the countryside. But so far 
back as when the Germans were last on French .soil 
we grew but half the wheat we ate, and when they 
struck again we were growing but a fifth. 

Now, while home-grown wheats well suited the 
miller who used to grind them between stones, the 
imported wheats gave him trouble. When the latter 
came to preponderate in the market a revolution in 
the milling industry occurred, and the use of steel 
rollers in place of stones became almost universal. 
Once roller milling was established it was easy to 
make very white flour from the foreign wheats, and, 
these being for the most part “strong" wheats in a 
sense to be presently discussed, our bread became 
not only whiter but lighter and more porous than in 
the days of the stone mill. It is worth while perha^w 
to go more fully into the details erf these changes. 

The old-foshioned stone mill had in its way reached 
great perfection as an instrument. Great care w$s 
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given to the preparation of the grinding surfaces of 
the stones. The lower stone was fixed, while the 
upper, exactly balanced above it, and separated from 
it by a minute interval, revolved at high speed. The 
grain was fed into the space between them through a 
hole in the centre of the upper stone, while the lower 
stone was grooved to allow escape of the products of 
grinding. 

All, or nearly all, of the wheats which were grown 
at home forty years ago had a tough husk and a soft 
kernel. The stones stripped off the former without 
breaking it up unduly, while they ground the latter 
fine. Subsequent sifting sufficed to separate a flour 
which made a white loaf, while the outer parts of 
the grain were fed as “offals” to animals. Now, 
foreign wheats, or the greater number of them, are 
hard in the kernel and thin and brittle in the husk. 
By the time the stones of the old-fashioned mills had 
ground the former fine enough, the husk had also 
become much disintegrated, and proper separation by 
sifting became impossible. So, for a good many 
years, the use of hard foreign wheats led to dark- 
coloured loaves. Meanwhile, however, the roller 
process was developing, and American millers found 
that roller mills could deal satisfactorily with the hard 
thin-skinned wheats grown in their country. Very 
white flours could be obtained, and these were exported 
to England, where they attracted the public taste and 
competed with great advantage against the darker 
flours got by stone milling. English millers, in Self- 
defence, adopted and developed the roller process. 

Roller-milling plants show a remarkable adaptation 
of means to ends, and a large and well-run modern 
flour-mill commands the admiration of all who inspect 
it. The grain is transported from one department 
to andther, and is generally dealt with from first to 
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last by mechanical means. It enters the grinding 
machinery proper as a particularly clean product. 
It is ground between rotating steel cylinders, which, 
according to the special work required of them, have 
their surfaces either smooth or fluted. A pair of these is 
so mounted that the distance between the two can be 
nicely varied and adjusted. Both are made to revolve 
so that the adjaceht surfaces, between which the 
grains are nipped, travel in one and the same direc- 
tion, though with different velocities. The corre- 
spondence in direction diminishes friction, while the 
difference in velocity of rotation secures that the grain 
shall be torn apaft as well as crushed. It suffers 
shear as well as pressure, though the relative degrees 
of shear and pressure vary in different stages of the 
milling process, and may be varied if necessary at 
any one stage. 

The wheat is first passed between a pair of fluted 
rollers, of which one revolves appreciably faster than 
the other, so that the grains are torn asunder without 
suffering very much actual grinding. This process 
is technically known as a break”. The products ob- 
tained at this first stage are immediately “separated ’’ 
or “ purified They are sifted, that is, through silk 
of properly chosen mesh, and the sifting is assisted 
by the application of a current of air from a fan, which 
blows particles of husk away from the heavier particles 
of broken kerneL A certain amount of actual flour, 
but usually not much, appears at this stage. - 

The ruptured kernels are now passed between a 
pair of smooth rollers rotating at nearly identical 
velocity. At this stage there is more crushing than 
tearing, and the process is known as “reduction”. 
Again the products are separated, and this time a 
large proportion of flour is obtained with a small 
quantity of well-ground offals. Part of the grain,. 
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however, still remains in the form of particles which 
are more or less coarse. This fraction undergoes a 
second “ break " process, pas.sing between grooved 
rollers which are nearer together than those used for 
the first break, and usually have finer grooves. They 
run, as before, at unequal velocitie.s. A second “ re- 
duction" fallows, then a third break, and maybe, even 
a fourth, witii the rollers coming each time clo.ser 
together, h'ach break is followed by a reduction, and 
separation always follows both. Flour or husk which 
comes out fine enough at any one stage is not pa.ssed 
on to the next, so that waste <jf power is avoided. 
The small amount of flour obtained at the first break 
is of inferior quality, and is apt to be a little dirty, 
because the fold or furrow which runs along the 
surface of the seed tends to retain dust or dirt, and 
this is not removable btdore the wheat has been torn 
by the first pair of cylinders. The first reduction, on 
the other hand, yields a large quantity of fine white 
flour, which- comes upon the market as “patents". 
The immediately succeeding stages also yield high- 
quality flour, but the late.Ht breaks and reductions 
give products containing a good deal of husk, and 
are known a.s “seconds". When the patents or 
“extra.s" are mixed with the seconds we have 
“straight-grade” flour, which contains about 70 per 
cent of the whole wheat berry. 

What I have been able to say can give, of course, 
only a very inadequate understanding of the milling 
process to those who have not seen it; but it is 
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that matter, by the public, as of the finest quality 
contain relatively but a small proportion of the whole 
grain. Patents’’ flour, for instance, contains only 
about 36 per cent. The so-called ^‘straight-grade 
flour”, a mixture of the finer qualities with “seconds”, 
represents, as already stated, about 70 per cent of the 
grain, this being the largest proportion which usually 
went into a white loaf before the war. The old stone 
mills on the other hand used to yield a flour contain- 
ing 80 per cent, and the flours used for our war bread 
have contained from 80 up to 90 per cent of the whole 
wheat. 

When the miller increases the degree of “ extrac- 
tion” — to use the technical expression— it means, of 
course, that a greater relative amount of those parts 
of the grain which lie nearest to the husk go into the 
flour. The chemical and physical characters of these 
parts are somewhat different from those of the inner 
part, the white endosperm of the kernel, which was 
found alone in the really white loaf. Another con- 
stituent of the grain which has characters of its own 
is the germ or embryo — the representative of the 
future young plant. It is somewhat difficult to trace 
the exact fate of this during the process of milling. 
It is safe to say, however, that, while the modern 
process practically eliminates it from the flour, the 
stone mill left in a considerable proportion, while 
a flour containing 90 per cent of the grain will, how- 
ever milled, contain nearly the whole of it. 

It is clear that the real jpoint at issue in the con- 
troversy concerning the r&tive merits of white and 
brown bread is the actoal nutritive value of these 
special parts of the wheat berry which are absent from 
the one bread and present in the other. Before con- 
sidering this important question further, it will be 
well to deal briefly with a point which, though of 
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comparatively small importance in a time of shortage, 
related as it is to degrees of superficial excellence in 
bread rather than to its real nutritive value, is one to 
which in normal times much attention is given. 

A complaint which has been often heard is that war 
bread is far from being a uniform product. It may be 
satisfactory in one locality but much less so in another, 
and it may vary from time to time in the same locality. 
Doubtle.ss much of this variation has been due to a 
difference of skill among bakers, who, when the neces- 
sity for a new policy first arose, were forced to deal 
with unaccustomed material. It has been partly due, 
perhaps, to varying admixtures of the wheat with 
other cereals, but it has been also due to variation in 
the nature of the wheat itself. In normal times it is 
possible for the milling and baking trades combined 
to adopt such a policy as will secure more or less 
uniformity in the bread-supply. Wheats of different 
quality can be so combined in the flours on the 
market as to keep up an average standard. Diffi- 
culties of supply and of transport have since the war 
interfered with such arrangements, and there has been 
much less uniformity in the local and general supply. 
Now the effect of variation in the wheat upon the 
quality of the loaf depends upon some very interesting 
facts. 

Wheats are said to be strong or weak. By a strong 
wheat is meant one capable of yielding from a given 
weight of its flour a relatively large well-risen loaf of 
uniformly porous texture. The same weight of flour 
from a specially weak wheat will make a small flat 
loaf. It was earlier stated that the production of a 
leavened loaf is only made possible at all because of 
the presence of gluten in wheat flour. Its properties, 
we have seen, confer upon the dough the power of re- 
taining gas, and so ensure the rising of the loaf during 
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fermentation and baking. It would seem, therefore, 
that differences in strength in wheats are likely to 
depend upon variations in the amount of gluten con- 
tained in the grain. This is not the case. Owing to 
the interesting investigations of my colleague at Cam- 
bridge, Professor T. B. Wood, we are now clear as 
to the real factors at work. The yeast plant directly 
ferments sugar, and if, during the rising of the dough, 
it has to depend mainly upon the small amount of 
sugar present as such in the flour, the amount of gas 
given off from the fermentation will be small, and the 
dough will rise to a correspondingly small degree. 
Strong wheats, however, contain an enzyme capable 
of rapidly converting into sugar some of the starch of 
the flour made from them as soon as it is mixed with 
water, so that the yeast is stimulated, fermentation of 
the dough proceeds more rapidly, more gas is evolved, 
and there is a greater expansion of the dough. Weak 
wheats contain less of this enzyme. In this way dif- 
ferences in the ultimate size of the loaf are accounted 
for. The shape and texture of the loaf depend upon 
a different factor. Because it is a substance which 
when in solution displays colloidal properties, the 
physical state of the gluten in the dough is profoundly 
affected by the salts which are also present. Phos- 
phates make gluten tough and elastic, exaggerating, 
therefore, its power of retaining the gas bubbles from 
yeast fermentation. Chlorides and sulphates, on the 
other hand, tend to make it hard and brittle, and so 
reduce that power.' Now strong wheats are found 
to contain more phosphates and less chlorides and 
sulphates than weak wheats* It is for this reason that 
the former yield a porous, well-shapen loaf and the 
latter a loaf which is flat and heavy. 

Home-grown wheats are usually of the weak type, 
and in order to make flour which would bake such 
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bread as we were eating before the war the miller had 
to blend the wheat he ground with a proportion of 
hard wheat from Canada, America, or Russia. Nor- 
mally it is possible by such admixture to secure a 
satisfactory average strength in the flour supplied to 
the baker. At the present time it is less easy to do 
so. War bread must remain an article less standard- 
ized than the bread of peace time. 

We return now to what is at the present time a 
more important question, namely, the actual nutritive 
value of our war bread. It is really, as we saw, a 
que.stion of the nutritive value of those parts of the 
grain which are excluded from the white loaf. 

Controversy concerning this point has proceeded 
somewhat on the following lines: The supporters of 
brown bread or standard bread point to the fact 
that material rich in protein lies immediately under 
the husk, and this it is wasteful to remove. The 
germ, again, is specially rich in protein. They insist 
also upon the fact that breads containing more of the 
outer parts of the grain are very much richer in phos- 
phoric acid than white flours, and the human body 
requires phosphates for its nutrition. Further, some 
of the advocates of whole-meal bread have insisted 
upon the 8uppo.sed importance of enzymes contained 
in the germ. To such arguments the supporters of 
white britad have replied that, while it is true that the 
presence of offals in the bread increases somewhat the 
amount of protein, this advantage is more than lost, 
because the outer layers of the grain are less digestible 
than the endosperm. On a balance there is loss 
rather than gain, because the materials of the coarser 
Itmf are less available to the body. As to the phos- 
phoric acid, while brown bread undoubtedly supplies 
more, white bread contains enough, so there is little 
point in the difference. The germ in any case only 
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jimomits to some per cent of the "rain, so that its 
properties cannot have much quantitative itnpartance. 
As for the enzymes it contains, thertr is no prtH>f that 
they are of and in any case they are destroyed in 
the litter st.'if^es of bakinp;. 'I’he presence of the germ, 
moreover, interferes with the keeping qualities of the 
ntJur. 

llie issue, as already suggested, has often been 
obscured by bi:ts. Ettthusiastic f«K>d reformitrs often 
start with preconceptions, and are supported rather 
by their own enthusiasm than by facts. Suggestion 
counts for a great deal in matters of diet, and real 
evidence only cttmes from carefully organized and 
controlled observations. On the other hand, the 
millers, .though they have adjicsted their methods to 
the needs of the moment with the utmost loyalty, 
cannot be expected to believe readily that the (apital 
and labour expended during half a century on perfect- 
ing the art of producing the pure white Ictaf have been 
misspent. Unless very clear pntof is advanced that 
there is definite advantage to be gaintxl by retaining 
mote offals in the flour, trade interests will be on the 
side of keeping them out. “ Ofials", it may be here 
suggested, though a traditional name for the harder 
parts of the grain, is an unfortunate one, lei^ing to 
prejudice. 

The facts can only be arrived at by aauat experi- 
ments carried out upon human individuals under care- 
fully controlM conditions. A considerable number 
of such experiments have been made, especially In 
the United States. In this country they have been 
few, but recently a committee of the Royal Society 
instituted a careful inve^igatton with the aim m 
deciding whether there would be a real gain crf‘ nutri- 
ment to the ojuntry if the peicentage extraction 
our wheat supply were rais^ from So to 90. Th# 
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aim of the committee was primarily 
to decide^ not so much whether the 
aliHolute dig'cjstibility of bread mad(! 
from one of tlie flours so extracted is 
greater than bread made from the 
other, but whether the i^ain in the 
tfilal amount of available human food, 
wliich the inclusion of an extra lo per 
rent of tlie wheat must obviously in- 
volves, would be more than counter- 
balanced by inferior dii^a^stibility on 
the part of the product of higher ex- 
traction. 

In the first period of the experiment 
twelve individuals took a dietary winch 
included a large proportion of the 8o- 
per-c:ent bread, and in the second 
period eleven of these subjects con- 
sumed a diet of similar kind but con- 
taining a like? proportion of the 90- 
per-crent bread* The results do not 
represent the absolute digestibility of 
either bread, but (a more practical 
issue) the effect of each type of bread 
iipc>n the digestibility of a mixed diet 
as a whole. 

i €|uote the results of this investiga- 
tion rather than those of any other, as 
the observaiioiis were made for a longer 
lifiK? and upon a larger nunnbar of in- 
cfividiiak than has been wiuaL The 
following figures from the Royal So- 
ciitiy^s rtf port give the p^iwntage of 
thr whole energy confined in the fo^ 
of the subjects which wm f^ndewsd 
actually available for nutritloii ^'the 
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processes of digestion. Each pair ctf lij^'urr*. refers it> 
a separate individual, the same in ea« h *.ise. 

It will be seen that the second hr«'.id f»r«»vrti, as a 
matter of feet, to be slightly less tligesiihlr than the 
first, but a simple calculation will show that this 
decrease in digestibility is not nearly snllit !*•« to m»- 
weigh the gain in food yielded by the tnore rowph’U* 
extraction of the wheat. The autlttrrs of thr* 
calculate, after allowing for the smaller digestibility, 
and also for the fact that the appeatiitirr of more of 
the wheat grain in bread diminishes the amount avail, 
able for feeding animals, that a subsianiml gain to ■ 
the national larder results from the higher standard 
of milling. The difference between 8o and igi per i 
cent extraction inen^ses the supply of energy derived i 
from the year’s supply of cerwi! food lo an extent i 
which will cover a month's consumption. I 

The amount of energy made available ♦« the moat 
i^ful <fetum for practical guidance when ««rh t^ueii- 
tions arise, but the Royal Society's experimenoi deal 
further with the protein supply, and show that the 
nation also gains in this as a result of the higher i 
extraction «f its wheat 

In a smmd part of the report experimenix are 
described shiwing the availability of ihe energy and 
protein oontain«j in a bimi at ^pe.r«c#oi eairad'iwi, 
in which the wheat was mixed with $o per eaini ^ 
maize. It was t«ed upon the same individiMitt m 
before, but also upon five additional »ubji!ris« makiog 
seventeen in whom four were rhiidrrn. The 
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ACCESSORY FOOD-FACTORS 

( Vitamin es) 

In War-Time Diets 

Introductory. — With the normal conditions of peace 
the risk of disease from deficiency of the diet in vita- 
mines (accessory food-factors) was one that was never 
run by the ordinary individual in this country; but a 
state of war has brought a new threat to the civilian 
and a dire reality to the soldier in some theatres of war. 
Public interest in vitamines has been aroused, the 
glamour of the subject has caught the popular imagi- 
nation, and more information is constantly being asked 
for. 

In response to war-time needs appropriate researches 
have been carried out under Dr. Harriette Chick at 
the Lister Institute,' and it is largely the results of 
those researches which are embodied in this lecture. 
The exigencies of the circumstances necessitated that 
the work should be confined to strictly practical prob- 
lems, and though little has emerged that is of striking 
scientific interest, yet the importance of the results 
is great both to food experts and to the man in the 
street. 

The vitamines, or accessory food-factors, are sutn 
stances which are present in certain food-stuffs in very 
small quantities. They have never been isolated, and 
their chemical nature is unknown ; they are essential 


BIOLOGICAL 


to growth and the maintenanci* of health, bni 
quantities suffice for these piirp<}s»‘s. 

The term “ vitamins ” has Ixim atlr*piinl in pnpular 
usage, and its convenience is certainly go at. It was 
originally invented by Funk, when he ilnnight he had 
isolated a substance of delinite ( hrmica! t«m|sJs)iiori; 
when this was found not to be the raw. the ssnrd 
“vitamine" fell into disrepute, as weming to imply 
more knowledge than we possejis. Many srinuisis 
consequently prefer the more non-committal term 
“accessory fo^-factor”. 
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with sleeping sickness, with which it has no 
connection, and there is usually a vague ide^^ , r 
public mind that it is associated with the e£*^***** ** 


polished rice. 

Its symptoms are those of a peripheral r**?*^*^ ***"'* 
there is loss of power in the arms and legs, 
quently at some stage there is dropsy. The 
is usually accompanied by great wasting, a,r><* •*—3' 

suddenly terminate fatally frorri heart failure. 
post-mortem examination nerve degeneration f 

The symptoms of experimental polyneix*”*®**^ 
pigeons are also those of a peripheral neuritis- 
birds become lame and unable to fly ; there is ^ 

balance, and the head is held in a peculiar 
position very characteristic of the disease. Tt**f*^ *• 
seldom or never dropsy, but death may occi* ** *wd* 
denly from heart failure, and the post-mortem 
nation reveals greht nerve degeneration. 

Beriberi is most common amongst rice — 
peoples, and among them is almost universal 
fined to those who eat the rice from which the sl*i** fiNf 




cortex, together with the embryo, germ, or jptstnWwl 
have been removed. It is not, however, confir»«<l *» 
rice-eating peoples; any diet consisting too largely 
of highly-milled cereals, whether wheat, maizo^ fltoe, 
or any other grain, will equally well produce it- 
Experimental polyneuritis of pigeons is procJ 
in the ^me way, by feeding decorticated grai r» s 
ordinary white rice of commerce is ordinariljr 
but the disease will as certainly result from m 
consisting exclusively, or for the greater part, of 
white wheat flour. Dr. Chick and I have so pro<3%»c«ii 
polyneuritis in pigeons, and cases are on record 
beriberi has occurred on such a diet among htuttvMiil 
beings. An interesting story is extant of an old 
w^^an ^ip’s captain, which illustrate the point: 



common among crews oi isorwrgmn inrreotti 
ships. On iwxird a certain ship the crew were fir* 
vitleci with the new white bread, but the captain n 
fused to have anything to do with suett new-faogle 
notions for himself, and always look to Jwa a stippi 
tjf the old rye flour. He never suffered with Ijeriber 
and was, furthermore, able to recover his crew whe 
they became affi?cied, by giving them a loan from bi 
.store. When, however, his supply tiiifgan to get !«« 
and he foresaw that there would not lie enough fi 
himself, he stopped his dole, and in due course Iter 
beri broke out again among the crew. 

It was formerly believed that it was the akin or bra 
of the wheat or rice grains the presence of whk 
preventtsd beriberi, but Mis* Chick and t have bw 
able to show that, though the bran ha* virtue, th 
embryo, f»r liny plant, called by miller* the *'gerfii’ 
i* far more potent. In all modern process of wNn 
milling' this germ i* taken off with the bran ; it titw 
nM enter into the pure white flour at all, but paiiai 
away in the ctflal*. It is very rich in ferment*, which 
interfere with the keeping pTOperiie* of the flour, an " 
it is i»nseq|uently tMnncd by the milters. I n the If ov' 
and some other {Mmeesse* of milling the germ ^ 
osoked, which make* it able to be kept, ami It it ttn 
returned to the flour. But, apart from special ways < 
trettmen't, the modem roller method of milling d« 
prfvM the flour ^ ail its anti-bertberi vitamin*, an 
we should be in a very bad pemition indeed dieietioill 
were we not able to rely on other fitod-tluii for «« 
fupi^y of this viuimiiie. 
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VALUE OF CERTAIN FOf HLSTCM s V»\i\'.r 
BERIBKKJ ANT) srCKVVi 
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safe one as far as beriberi is concerneti. llipn* need j 
be no fear, for instance, about eatinj? wJjite ri< e, ‘»inre j 
the diet is so well protected in other tjuarn rs. j 

In all these food-stuffs the anti-herihen vitionine I 
appears to be well preserved. I>rie<i dried j 

vegetables, dried milk, and yeast extract .seem to bt; 
as rich in the anti-beriberi vitamine as the fresh ftxjd- 
stuffs, and it has not been passible to detect that there 
is any appreciable loss in potency when thcM* foods 
are kept at room temperature. 

Nor is there much loss in value at the ofdin,ary j 
temperatures of cooking, i.c. afa»ut lotj C. For j 
instance the value from this point of view of a food- 
stuff is somewhat, but not seriously, diminiihed by 
boiling for an hour. The anti-beriberi vitamine may 
in fact be said to be comparatively thermo-stable. But 
with higher temperatures it is a much more serious 
matter. Cooking under pressure at tio-iao* C. de- 
stroys the vitamine more raptdiy, and if this heating 
is carried on for as much as an hour the degree of 
impoverishment of the food-^tuff In anti-beriberi vita- 
mine may be extremely dangerous. 'Hiis important 
fact has its chief application when the diet consists, 
to any appreciable exrent, of tinned foods, which are 
heated at a high temperature under prrwure for con- 
siderable pert(^ in order re sreriiixe tirem. 

Thus a diet a>nststing of tiniiid foods and white 
bread or litre, crensuroed over some months, would 
undoubtedly lead to the ultimate development of beri- 
beri. 

There are dierefore two ways in whkh a diet is 
likely to be rendered d^ient In anil-beriberi viia- 
mine; 

(o) By consisting too largely of over-milted cereal*. 

0} By consisting too largely of tinned, or. In any 
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But, simir lh«* vitamiiut ki‘i‘ps wi*!!, ami '.urvivi*; 
umiamatji-d in whtilu aiul jnilnfs, m drinl 

and v»g»'iahlc?», and in y»%ast rxtr.in, tin- prnhtftJt ot 
kufjjiiijL; an army suppliitl with it shuuUJ m-vi r In* an 
insuprrahh* nor. It is a prnhhun whirl) will yirld iti 
intifllij^ftn «* and f«>f«*si|ij!tt, sinru surh dfy f«»«id»st«Hs 
an* I'usily trans|W)rtrd, a?) Irmi^ as it is pnssihlf in 
transjjnrt any ftKid«stutfs at all, ami thry ran hr stnrrd 
iodnfmihdy nnli! thry an* svantrti. 

The Accessoiy Food-factor which 
— -Tlu* prnjwftics »f tht* anti-st'nrhul 
tin* prohlrms whirh arise in 
mnn* difllruh t«) wtlvt*. It is a far i 
elusis'i* suhsiaiia*, and the diflinilly 
when fresh pwvisinns run nut is very ijnsal 
Scurvy has been kmtwn as, fittr rw 
of sailors and an ti*: esplirrers ; it has ravaged arniies 
and haunted the g«Id-di|{^'i?rs of the 
old days, ijt^fore js)iat<a?s and rmit-cr 
it was ihr siaiurgn of households at llo* end of tin 
winter, when the supply of fresh in 
The neetl of those day# may have j{iv( 
of our own lime that a dofse of wedh 
the sprinf;f **t« rtrar the blood**. .Sc 
disease of want of fre*h fcaid, and wh 
sisia over some months scurvy will .ssswrediy devektp. 
The symptom# consist, at first, of fatigue and disv 
inclination to move, then htemorrltajt 
part of the body or internal organs, 
nenut of the gums and loosening of 
ultimately fail out, and tltero may 
children, brittknew of the bones. 
h similar condition may be pres 

f uinea-ftigs by depriving thtm of 
)od, and it is slowly coted when 
restored. The «ttmpiioii Mtenui i ^ 

" i 
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that guinea-pig scurvy is a conditian similar to human j 
scurvy, and is produced and controlh^^l ihi* : 

conditions. Acting upon this assumption, «tll our i 

experimental work on scurvy in conncttiun with war i 

problems has been done on thi.s animal. 

The anti-scorbutic vitamine— as far as Wf? b.ivr br»*n j 

able to ascertain by experiments on the minimum I 

doses of different food-stufis, needed to prolm t guinea- | 

pigs from scurvy— is abundatilly present itt fresh | 

citrus fruits, e.g. oranges and lemtms. Fresh lime- 
juice, however, is disappointing, and mininen ial ehtri- 
fied lime-juice is quite useless. Fresh leaves, sut h as 
cabbage leaves, are as rich as oranges and lemons, j 
but roots and stem-tubers, carrots, potatm-s, artd 
onions, for instance, contain it less abwndanlly, 
though it is appreciably present. Fresh meal and 
milk conuin even less. 

It is not present in ungerminated seeds, hut, m wm 
discovered by Fiirst, develops in them immediately 
on germination, so that peas or leniib, after twenty- 
four hours’ germination have, weight for weight, a 
value approaching that of fresh cabbage. 

But if fresh fruit juices are squeezed out and kept, 
or if cabbage leaves or milk are dried and kept, the 
anti-scorbutic vitaihine will gradually aufler losa, and 
in a few weeks or months, though they may be excel- 
lent articles of food in all other raipma, the vitamine 
is reduce, and with an exclusive diet of faod<Mul& 
so treated there is undoubted danger dl scurvy. 

In addition, the anthacorbutic vitamine is much leas 
thermo-stable than the anti-betibeii vitamine. At 
room temperature, as just described, ti disappears spon- 
taneously in a few weeks, or sometimeii even days, | 
according to the particular food-siuC In cold storage I 
it is better pnK»rmi, and it may last some months. j 
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and sterilizing, its disappearance is much more rapid. 
Boiling for an hour gravely diminishes the amount, 
and after sterilization at 120® C. for an hour the 
vitamine is reduced to a very small proportion of 
its original amount. Even the pasteurization of milk, 
at temperatures below boiling, seriously diminishes 
the vitamine content, and it is necessary to remember 
that prolonged cooking at a low temperature will 
involve as much risk as rapid cooking at a much 
higher one. Thus the use of such an apparatus as 
the hay-box may have a very serious drawback when 
food-stuffs are submitted to moderate temperatures 
for very many hours. This question is being further 
investigated by Dr. Delf, as being one of consider- 
able economic importance. Among poor families the 
chief source of anti-scorbutic vitamine is their meat 
and vegetables, especially potatoes. If these are left 
to stew for hours in the hay-box, the diet may become 
definitely deficient in anti -scorbutic vitamine; more 
particularly is this likely to be a danger when the 
price of fresh fruit is as high as it is now. 

Since the vitamine will not keep, even at room 
temperature, it is clear how difficult is the problem 
of keeping armies, far from their bases, constantly 
supplied with fresh food. 

Beriberi in War-time. — That there was a need for 
research in this direction in connection with the war 
was first indicated when Colonel Martin, Director of 
the Lister Institute, wrote home from Lemnos to his 
assistant, Dr. Chick, saying that a few cases of beri- 
beri had developed on Gallipoli. On receiving this 
information the problem was to devise any easily 
portable addition to the ration, which should be rich 
in anti-beriberi vitamine. 

What the ration was which produced these cases 
we have never been fully informed | it probably con- 
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sisted mainly of bread made from white wheat fliusr 
and of tinned meat. 

It is interesting to notice that the oIFiciai sper ific;!- 
tion requires that army-bread nour shall miisist of 
pure white wheat flour. It is supplied by the con- 
tractor and baked by the army cook, and there* is 
little opportunity for adulteration with oflais. The 
loaf is, therefore, what it purport.s to be*, a pure 
white wheat loaf. It is otherwise* with army biscuit; 
in this case the specification is not .so clear, and, sm 
the biscuit is supplied as a finisited article, an admix- 
ture of offals is much more difficult te? dett'ct, and in 
practice a large percentage of offals, i.e. germ and 
bran, frequently enters into the compo.silion of the 
amy biscuit. So much, indeed, is included that the 
biscuit alone is a perfectly safe diet against biTiteri. 
We have fed pigeons exclu,sively on several lyjws of 
army biscuit, and have kept them in perfect health 
for three months, polyneuritis in pigeons usually de- 
veloping in from fifteen to thirty days on a vitamifu?- 
free diet. 

Army biscuit, therefore, owing to its addition of 
germ and bran, is an adequate food against beriberi, 
but army bread is not, as experienas in the field has 
also shown. 

We have therefore recommended that in the Eastern 
(smpaign, at any tate, all bread or biscuit used in the 
rationing of armi^ slmuld be required K> contain a 
proportion of die offals. 

We have further recommendtsl that the miion 
should include a soup square made of pea flour and 
Marmite (yeast extract). Such a soup laiuare has 
l»en in use for ^me time, ,but as at the same time 
the diet has l^n enriched in other ways, it is not 
possible to argue that the disappearance of beriberi 
is due to its introductitm. 
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beriberi disappeared from amuu^ as is rii’sf rilnsi 

by Colonel Hehir in the Mesopirtamia rfjwirf . A h.-urr 
instance than the foregoing could siam'ly }»• w islu tj 
for to show that beriberi devek){>s »»n a diet rotisisting 
too largely of overmilled cereals, and clears up when 
the whole grain is served out. 

Scurvy in War-time.— Though the Indian 
diet is so satisfactory from the berit«-ri siandjiuim, it 
is not so from that of scurvy. When on his orilinary 
diet, the staple of which h alta, tlkat, rin* anil fresh 
vegetables, he is not far from the scurvy margin, and 
when, as was the case in Me»|K>taini«, fresh fruit 
and vegetables disappear fmm the dietary, he is in a 
very bad way indeed, because he has not the fesh 
meat of the British soldier. Very many Indians will 
not eat meat, and those who do generally boil it to 
rags, so that much of the anti-Korbulir. vifatntne is 
destroyed by the prolonged heating. Scurvy among 
Indian soldiers in Kut was severe, except among the 
Gurkhas who ate meat; it improved considerably 
when at Itut, in the later stages of the siege, many 
of the men were prevailed on to ^t horse and mult 
m^t 

It may give cause to wonder that lime-juice, which 
has ranked even in the public mind as a panacea 
against scurvy, has scarcely yet been mentioned in 
this connection. Thexie who saw it in use in Xlewrim- 
tamia got the impressbn that it mm powerless, and 
our own experiments seem to show that fresh lime- 
juice is much weaker than fresh onnge- or lemon- 
juice, and tihat the vew much ^d«r coniintreial 
lime-juice is useless. The reputation that it has 
enjoyed it seems to have acquin^ undtserviidly from 
lemon -juii». In the old naval records mty great 
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eighteenth century, but information obtained from 
Messrs. Rose goes to show that neither lime-juice 
nor lime fruit was imported into this country till 1859. 
Prior to that date lime fruit and juice were certainly 
picked up by ships cruising in the West Indies, but 
in the majority of cases it would seem that the term 
“ lime was used indifferently for limes and lemons, 
and it may be the lemon which won the reputation 
in scurvy. The history of the use of lime-juice and 
lemon-juice in the navy is under investigation at the 
present time by Mrs. Henderson Smith. 

A reliance on lime-juice in such a campaign as the 
Kut campaign would land an army in a very bad 
position, and it is apparent that the problem of such 
a campaign is a very difficult one. For, to sum it 
up briefly: 

1. The anti-scorbutic vitamine does not survive 

long except in living tissues. 

2. The only living tissues which can be easily 

got up long lines of communication to 
advanced posts are animals which can be 
made to walk there. 

3. But many native Indians will not eat animals. 

There is, however, a possible solution in the dis- 
covery made by Dr. Furst, a colleague of Professor 
Holst’s, that the anti-scorbutic vitamine develops in 
seeds immediately on germination. We have ger- 
minated the dhcd of the Indian soldier’s ration, and 
find that its value after twenty-four hours* soaking and 
twenty-four hours* germination is as good as that of 
many fresh vegetables. Here, therefore, we have 
ready to hand a means of meeting the difficulty. The 
germination on a large scale needs a little care, for 
if die seeds are tcK> moist or in tw thick layers they 
wdl ferment instead of germinating. 
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During the necessary cmjking which fullmvs ihf 
germination a good deal of thi; aiiti-scorbntif value is 
lost. The loss is minimized if the axtking is made 
as short as possible and if the dhai is steamed, not 
boiled. If it cannot be steamed it should b* billed 
in the least possible amount of water, and the water 
consumed as soup or stew. If lhe.se preiauiions are 
observed, it is believed that scurvy ran b* prevented 
among any Indian troop.s receiving the dhtti ration. 

The Eastern theatres of war are not the only field 
of the deficiency di.sease.s. We do not know how 
near our prisoners of war in fiermany may have teen 
to scurvy, but a word of warning should lie uttered to 
anyone who thinks of helping them in that rrsjvert by 
sending them dried vegetables. Aitirles have ap- 
peared in the papers urging that by drying rabbages 
it is possible to send in a match-box all the virtue of 
the fresh leaf. It is not possible to do so. 

Scurvy broke out in the American Civil W^ar and 
in the Austrian army in Hungary in lyao, and in 
both cases dried vegetables were triifd and failed ccjm- 
pletely. Kramer, a surgixjn tt> the Austrian army in 
the ateve campaign, after trying unsuccessfully many 
kinds of dried herte, wrote*. ‘‘Scurvy is the nnwt 
loathsome disease in nature, for which no ctire b to 
be found in jrour medicine chests— no, nte in the 
best-ftirnished apodiecary’s shop. Pharmacy givt* 
no relief, surgery as little. But if you can get green 
vegetables, if you can prepare a sufficient rjuantity 
of fresh, prwrfous, anti-^rtettic juicei., if you have 
oranges, lemons, or citrons, you will without other 
assistance cure this dreadful evil." So that even then 
he knew the importanot of freshness, but omwadayi 
we seem almc«t to have forgteten it. 
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land. M.iny uf i»ur |Mn»riT pnipli*, ami iIkjw in wi>rk- 
htniws and instiUitiim'i, d«'jM>nd very largidy un 
fimaii**’** f*«r th»'ir ami-j.»-(»rh»uir -supply. f..as{ spring 
tin* sran ity and high pfi« i* uf pnaitH's put thinn unt 
of th<* rn.irii f»f many, and thnugn thi*t** wm* h-ss than 
a hiindml rasr-s id «n*fft scurvy, thm; must havr N'lm 
many rnori’ havering on the brink, tvha, w»ll» ai few 
more weeks of the same tliet, winiltl have developril 
it liM». They were saveil l»y the new potato i rop anti 
the rush of green vegetables which had Ijren field 
tock by the exception»afly long wintfr. 

Infantile Sctinry, Lastly, there is tfie problem of 
infant feeding, svhith is ahvays a problem, btil is 
intcn.sifietl by war eondilions. 

Barlow's diseast?, or infantile .stairvy, is a diseav 
of which not many acute rjisi^s are seen, but lltere 
seems a reasonable Itkelihooil that m.any aitmenit» 
which are put down to teething or are left undiag- 
nosed art* nothing more nor less ihatt incipient infatt- 
tile scurvy, Fretfulness, lendernrss on handling, a 
&tiure to put «»n weight, '• baby not doing well ”, 
these are all too familiar in infant practice, and there 
iii reason to hopi* that a proportion of such ca.ses might 
clear up instantly on a coiirsc of anti*i«:rirbuiie. 

Fresh one’s milk is not rich in ami - scorbuik; 
vitaminei there is Just enough if the diet constsb* 
wholly of milk, m is the natural arrangemeni, but if 
the milk Is pasteurizisd or sieriliaed, or tJried, or di htfetl 
with starch, the proportion of anti-scorbutic vitamtne 
in the diet Is reduci^ and risk is being run. To um 
cow's milk, rntircly unutmpered with, ti the MmI 
arrangementy but milk ii seldom cImii enough, 
and mmetima the b«t^ cannot digest ib tf, then, 
it i» necessary to interfere with the milk in any way, 
a^ldonai anti-ww^lk otuM be s^ded. 

Omag«-Juk« Is undoubietiiy the betd of such antt- 
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scorbutics, meat-juice and gfa|»e-jui»:e are muth Irsji 
potent, but any of the three is tw dr.ir war 

conditions for many poor mothers. Omrsimulin^ly 
with war conditions the use of drii>ti milk fur infants 
has increased, and the need for a cheap anli»scurbutic 
safeguard has therefore increased also. Wi* have triMj 
to devise one, and are of opinion that swctie-juicr is 
to be recommended. Recent unpubiishitl resistrches 
show that it is greatly more i^tive than larroi- and 
beetroot-juice, and the swede is a cheap vegetable. 
The juice must be prepared fresh daily, but tire pet- 
paration is very simple. The raw swede is grateti on 
a kitchen grater, and the gratings are sqiirrjteil liy 
hand through muslin, when the juice runs out freely. 
One or two tablespoonfuls would probably be ample 
to protect an infant 

It is most important that the wisdom of giving 
added anti-scorbutic when the milk i« other than fresh 
cow’s milk should be fully apprwlated. Stone audio- 
rities are of opinion that it is unotsisesiafy, and un- 
doubtedly many children will through somehow 
without it, but they will not have iwBiv«l tire 
optimum conditions of nutrition which we ihottM 
seek to give to every child. 

It is to be hop^ tlret die MiniMry of Health, when 
it oimes to te established, will take up these funda- 
mental qumions of infitnt fwdingj an adet^uatt pro- 
viston of fmh ttow’s milk mu« be mad# for every 
child, and the d^dency dismumi trf ridrets and scurvy 
must cea% to eai^ 
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Alcoholic and Other 


BEVERAGES IN WAR-TIME 


The purpose of this paper is not to discuss the 
general question of the value or the noxiousness of 
alcohol. Most educated people now have definite 
views on the subject, and I do not propose to bring 
forward arguments in favour of either of them.^ My 
objective is a comparatively narrow salient of this 
great question — namely, how far alcohol may be re- 
garded as a food, and that in special reference to the 
present conditions of the country. In that connection 
some references will be made to other beverages 
which are generally regarded as enjoying a less 
equivocal position, and are associated with the do- 
mestic hearth rather than the public-house. 

Alcohol in its various forms of beers, wines, and 
spirits is of course the same substance, but in each 
of these it is accompanied by other bodies of different 
qualities. It is impossible to take up these, however, 
partly because they are largely unknown. The essen- 
tial feature in all is the alcohol, be it drug, food, or 
poison, or all three. The other constituents act mainly 
if not entirely as flavours. Alcohol when swallowed 
is taken up rapidly by the walls of the stomach and 

^To tEose wto wish to puimte the alcohol question fn other directl^tos I may 
comra«jd a small book publi^ed by the Board of Control (liquor Traffitc), 
which i^ves all the known facts and none of the fictions in mgwrd to drink: 
its ActUit m the Human Organism^ H.M. Statlowty Olhce, Lon- 
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tisMifs: but l>i*rc it must Iw «‘Jtpl.Tiini*d that is 

uKfd in thi* ti-rttniral si-nst* ami mjt in iht* pofniiar 
on*'. A man may iw with rrmrgy by 

alrohnl, but ht* is mil on that i«;r«mnt an nmTKi'tic 
man. 

Alcohol thus serves a.s a source of heat and wtirk in 
the human tissues just as sugar and starch and hread 
and most of our foods. And, if you wish, you may 
descrilu* it as a ftKKl, or as having footl value like these 
other suhstantTs. I do not know that this is a s;tfe 
tliitig to do, howp%»er, for tlieii the <|uestifin arises 
whether it is a goml footl or not. Now the criteria tif 
a gotid ftml are not very easily satisfied, iMTause the 
best foods are those which oniy serve as tt source of 
heat and work, and have m> other arlion either on 
the digestion or elsewhere. For example, ripe apples 
and bread act only as sources of energy, and are 
palatable, and are thus firstolass fwals; green apples 
are almost as valuable as sounds of energy a.s rifte 
ones, and apjrear to suit youthful tastes, but upset tlie 
digestion, and are therefore not firsi-« lass fmals, but 
only ftecond- or th»rd"Class, and may even be regarded 
a« poisrm*. Alcohol i# a valuable source of energy, 
and also appeal* lo many tastes, but it upsi'ts the 
brain. It oinntn, be regarded as in the first I'lass of 
foods, but I leave it at that '■■-somewhere lu’lween 
bread and green apples a* a fmal. It is not only a 
food In the Jit,.rici sense, but at**» a drug nr jaufam, 
and if akottol is to be classed a* a fmMi you must 
also accept sudi things as green apples, glyierioe, 
vinegar, artd even morphine in the same category, 
for these also undergo oxidation in the tiotly« and 
become a Kounce of heat and work in the same 

The ordinary food* on wbicli we draw for power 
are bratd**tu0s (carbohydniHsi), fata* and meaostuffs 
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(or proteins). Can we utilize alcohol to replace these 
in the supply of fuel? This is the crucial question in 
the estimate of the food value of alcohol, and it has 
lon^ l:^€n a subject of investigation and a battle- 
ground for the supporters and denouncers of the use 
of alcohol. There is no longer room for doubt, how- 
ever, that alcohol can replace a certain amount of 
bread-stuffs as a source of heat and work in the 
huiBan body; about one-fifth of the total energy 
required can be supplied by alcohol. And if alcohol 
is taken, not as a substitute for part of the bread- 
stuffs, but in addition to the ordinary dietary, it is 
utilized for heat and work while the bread-stuffs are 
stored up in the tissues for future use: the body be- 
comes a hoarder. And here "we find the chief differ- 
ence tetween the behaviour of alcohol and sugar in 
the role of faxi-stuffs. Sugar, which is chemically a 
not very distant relative of alcohol itself, and which, 
on the other hand, may be taken as the type of the 
starches and bread-stuffs in general, can be stored as 
a reserve in the body, while alcohol cannot be laid 
up in this way, but must be consumed. An analogy 
may be drawn with the household economy, in which 
flour and cereals in general can be stored better than 
potatc^s, and we are therefore urged to use the latter 
and Sjmre the stock of cereals for a time when there 
may ^ a smrcity. In the same way the body cannot 
store alooloi, and it for heat and work, and stores 
ajgar for future’ The final result is much the 
same in either ca»: when sugar is taken it is utilized 
as a H>urceof work, and part of it may be' stared; 
while when alcohol is ta,fcen it is utilized for work 
and the sugar -is stored, or the reserve of sugar 
already prc^nt is nc^ diawe upon. AI<x>hol may 
Iikeiri» be utilized instead of fets in the iM)dy, and, 
if it is taken in- addition -to the, ordinary diet, fat 
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is deposited as a stare. The tendency to hoard fat 
when alcohol is taken in quantity is, of course, a 
familiar enough observation. 

As regards the proteins or meat-stuffs, alcohol can- 
not supplant these, because the proteins contain nitro- 
gen, while alcohol is free from it. Now nitrogen is a 
necessary constituent of the food. The nitrogenous 
compounds serve to replace the waste of the human 
machine, and they also are av^ailable as a source of 
energy for heat and work. In their first function of 
replacing the waste the proteins cannot be substituted 
by either alcohol or sugar, but as a fuel for the body 
either alcohol or sugar may serve instead of the pro- 
teins in equal measure. It is true that in some ex- 
periments it has appeared that alcohol was not equiva- 
lent to sugar in reducing protein waste ; but this has 
been satisfactorily explained by the fact that a sodden 
change to alcohol or other substitute for bread-stuffs 
disturbs the dig^tion at first, apd thus interferes 
with the assimilation. As soon as that wonderfully 
adaptable mechanism, the human body, has recovered 
from its surprise at this new kind of food, it utilizes 
it in the same way as it previously consumed its 
ration of sugar. And here it may be added that the 
alcohol is burned in the tissues more rapidly when 
they are accustomed to it: the habitual user of alcohol 
is able to make use of its energy much more quickly 
than the atetainer. The moral for those proposing to 
draw a whisky ration instead of a sugar one would 
seem to be: ‘^Diink deep or not at all from the 
alcohol spring’^ Unfortunately, while the utiliza- 
tion of alcohol by the individual is improved by 
consi:^fit drinking, the utility of the individual to 
the community deteriorate in equal or in greater 
m^isure. 

■ is thus a <x>iii|m,rable to sugar 
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and b«id-staffs as far as the question of a supply 
of C’liergv It is not superior to these as a 

source of work and heat, and in practice is inferior 
to them in acting not only as a food but also as a 
img or poison. The best food has no such further 
efifecis, but acts only as a means of supplying 
power. 

The alcoholic beverages, however, have the advan- 
tage of being attractive to many people, and it may 
be claimed that this justifies their use, especially in 
the s e ttmes when every substance should be used 
wikh can be utilized to keep up the national stock 
rf energy. And if alcohol could be obtained from 
some plant or other source which could not be em- 
ployed lor other purposes, the argument would be 
a »unci one. But, as is widely known, alcohol is 
ofc^ned from certain cereals which might otherwise 
be utilised for food, and this changes the question 
from the abstract one to the very practical one whether 
the production of alo^hol is the most economic way 
erf* using 0ur limited supply of cereals. Even the 
2^i0ag€st advocates of alcohol as a food would hesi- 
tate I0 pit it before bread as a mainstay of life. We 
^liave tterefore to consider whether in manufacturing 
almhol we merely change the cereal which might be 
us«d for bfe»i into an equivalent amount of energy 
in the form of micdial, or whether there is an actual 
of metgf in changing from cereals to alcohol. 
In order to ^certain this we have to make a some- 
what extensive arithmetical calculation of the amount 
of energy contained in the original materials from 
which alwhol is formed, aid to determine how much 
d that energy or fuel v^ue <x>uld be utilized for focKi 
as bf^d and 'how nitich is actually utilized for foerf 
in the torm of alcc^c^tc beverages. The calculation 
is by the feet that no |»table spirit is being 
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manufactured at present, and we have only to con- 
sider the brewing industry. 

I have found it impossible to make out exactly 
what quantities of beer were brewed last year and what 
it was brewed from, so that I have to take as the 
basis of my argument the beer production of 1916. 
This has been worked out by a Committee of the 
Royal Society,, and I take my figures from them, so 
that they may be regarded as unbiased and accurate. 
In 1916, then, 26 million barrels of beer were pro- 
duced in the United Kingdom, and the materials 
used were: 

955.000 metric tons of barley. 

57,000 ,, grits. 

120.000 ,, sugar. 


In Table I, beginningon the left with these original 
materials, two alternative routes are indicated by the 
two arrows; the one leading finally to A indicates the 
use of these materials directly as food for roan and 
animals; the other, leading to B, is the route that 
was actually followed, the materials having t^en used 
for brewing. 

TABLE I 


Ch%iiud Matartalsu 


Food for Mats. 


Baxley 

Grits 

Sugar 


Ton*. ' 

955.000 

57,000 

120.000 

1,132,000- 




573.000 tons. 

57,000 „ 

120.000 ,, 


s7so,ooo „ 

'26,000,000 bar-l , 
, rels of beer. 


FcKKifofT CaUie. 
382,000 tons (A). 


283,500 tails (B). 


Let us first follow the A route, and consMler the 
fiocMi value of these materials had they been €»nsiim«l 
directly, without first l^ing turned into l^r and its 
l^-products. 

t€94S) e 
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rri^ards the barley, some of you in your early 
enihiisf arils inay have investigated ‘‘barley meal” as 
it siibsiilate for flour, and have quickly recoiled 
from it» You %vill therefore agree with the Royal 
SiHifty Committee that only part of the barley can be 
u^ed for human consumption. They estimate that 
(m cent €if the barley, or rather over half, can be 
usi3ci for fixid. This is perhaps a low estimate. We 
tiave raised the percentage of wheat flour obtained 
■ from the grain from 70 to So per cent, and may go 
higher, and it seems probable that by careful milling 
at least 70 per cent might be extracted from barley. 
However, let us fallow our authorities and take 
60 pet cent, or 573,000 toras, of flour as obtainable 
from barley. The whole of the grits may be used as 
food direc.tiy, making 630,000 tons of food from the 
cereals. As regards the sugar, I am in something of 
a ditSculty, for it has teen stated repeatedly in the 
House of C€)fn.inons that this sugar is unfit for human 
coiisuifiption. I wonder if the Chancellor of the Ex- 
chefiuer has .seen the “foot” sugar which was con- 
sumed by many rf us last year, whether fit or unfit 
for hyman consumption. The Royal Society Com- 
mittee tactfully avoids this point, and accepts the 
brewers' sugar as human fwd. And, in any case, 
whether k is fit for human consumption or not, this 
120,^0 tons of sugar c^ocupies tonnage, and thus 
prevents the im|x>rtation of other fcxxls which are fit 
for hufuan consumption, and which we need ta im- 
p>rt* The sugar must then be taken as a potential 
ftK^ for man, and that at its full fa.ee value. 

In 1916, therefore, tons of material which 

were available directly as human were utiliEed 
fo make teer. In addition, a certain am-ount of very 
highly ciillivaicd «>il was ii.s^ to giwr .hops, which 
hive m value as foc^; this soil.tmiM. 'hawe b^n 
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utilized for potatoes or other crops. It is estimated 
that this land would have produced i $ 0^000 tons of 
potatoes and 40,000 tons of oats. However, I do not 
propose to take this into consideration in my calcula- 
tions ; the case does not need it 

I have said that only 60 per cent of the barley can 
be used to make bread. The miller would not neglect 
the rest of it, however, but would use the 40 per cent 
remaining (382,000 metric tons) as food for animals, 
chiefly pigs. 

Now we have considered the debit side of the 
ledger, what was expended from the general store of 
food in order to make drink. Let us next consider the 
credit side. What food value did we get in the form 
of beer, remembering that alcohol has food value, and 
that beer also contains a variety of starchy foods 
which have some value, although it is not very ac- 
curately known? I have grave doubts how far these 
starchy bodies can be utilized by the human body, 
but I give them their full value in the table to avoid 
fruitless discussions on a point on which nothing is 
definitely known. And again, I am not quite sure 
as to the amount of alcohol contained in the l^er; 
it was said to be reduced from the former standard, 
but I cannot say how far this was the general prac- 
tice nor in what proportion it was lowered. I have 
therefore taken 4.2 per cent of alcohol, which repre- 
sents a fair average strength for the pre-war l^r. 
About half the food value of beer is assigned to the 
alaohol it contains, the other half to the starchy 
substances. 

In 1916, then, there were produced 26,ooo,c«o 
barrels of beer, which, giving it the benefit of these 
doubts, had a considerable f<K)d value. Along with 
this there was formed in the pro(^^ of brewing, as 
fodder for animals, 283,500 metric tons of diy material. 
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which was sold as malt, brewers’ grains, and dry 
jeast. A good deal of discussion has been carried 
on in the Press as regards the amount of fodder 
obtainwl from the brewers; the discrepancies arise 
from some of the writers taking the weight of the 
brewers' grains in the wet state. This, of course, is 
quite wrong, as the value of the fodder depends only 
on the amount of solid matter, and not on the water it 
mntains. It is clear at once that the amount of cattle 
food obtained from the brewer is considerably less 
than would have been produced if the materials had 
teen sent to the miller. But this may be compen- 
sated by an increased value of the beer as food for 
man. In order to determine this, it is necessary to 
consider how far beer compares with bread as a food 
or energy-producer. ‘When an engineer has to com- 
|Mre the value of two fuels, such as coal and oil, he 
determine how much heat a definite amount of each 
is capable of producing. This may also he done for 
the foods or fuels employed by the human machine, 
and all estperience indicates that the results obtained 
by this method <x)incide with those obtained when 
fee foods are actually consumed by man. In this 
way the b»r and the original materials may each 
te assigned a definite numerical value in calories as 
produoMS of energy, and we may be confident that 
repi'^nt their relative worth as sources of 
eiser^ to man. 

In Table II, fee value erf fee quantities given in 
TaWc 1 is given in units of fixxi (calories), and fee 
mmt ^teraadve mutes are given: A represents the 
vadue of the food used directly for man and animals ; 

tlmt where' it is formed inh) beer. 
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TABLE II.-~*FOOD VALUES IN UNITS (CALORIES). 


Oripnal Materials ^Food for ifan 
(millions of calories). (millions of calories). 


3,981,000... 


< 


2,651,000 + 


Difference (loss by\ 
brewing) .../ 

Loss per cent 


2,200,000 

454000 

*7 


+ 

+ 


Foi^ forAfsimids 
(mSlions of caloiiesi 

1.330.000 (A). 

1.084.000 (B). 
246,000 (A-B). 

18 


The ingredients that could have been used as human 
food contained 2,651,000 millions of units, while the 
beer had 2,200,000 millions, or about 17 per cent less; 
that is, the route followed involv^ed a loss of about 
one-sixth of the food value. For a rich and extrava- 
gant nation this is not veiy much, but in war-time 
it may deserve consideration. The food material lost 
here would have fed London, with its 7 millions of 
population, for more than three weeks. Along with 
this loss of human food there went an equal loss of 
fodder for animals. Here, again, about one-sixth of 
the value of the fodder which was originally available 
for animals disappeared in the processes of brewing. 
This loss of fodder, of course, entails a corresponding 
loss of fat or milk, and this indira:tly again reduces 
the food-supply for man. 

Another method of calculation gives even* more 
striking results. I have spoken of food merely as 
the fuel for the engine, but food must also supply the 
wear and tear of the machine, and the value for this 
purpc^e of any focxl for the human body may be esti- 
laab^ by its content of the complex bodies known as 
proteins. In Table III I have therefore pat down 
the amount of protein of the original materials and of 
the vaiious products given in Table I, fcrfkiwing the 
alteri^^ve routes, the one- (A) if the -mater^s aj^e- 
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used for feed directly, the other (B) if they are used 
for brewing. The sugar contains no protein, and is 
therefore omitted from the table. 


TABLE III 


Prutda cf the 

Materials. 


Bariev 80.000 tons. 
Grits' S.625 „ 

85,625 „ 


Protein of tiic 
F(K5d for Maa 



4^,000 tons, “f 

5.625 

53.625 .. 
4.250 .. + 


Protein of the 
FockI for Cattle. 

32,000 tons (A). 


62,000 ,, (B). 


Gain and loss *“49»37S »» 4-30,000 ,, 

* Total loss of protein, 19,375 tons = 22^ per cent. 

The barley flour and grits, which might be utilized 
as human food, contained 53,625 tons of protein; the 
beer obtained from these had only 4250 tons.^ Over 
90 f«r cent of the protein available for man is thus 
Imt in the piwess of brewing. The protein fed to 
aiiimals, on the other hand, is nearly doubled, and 
this might be regarded as compensating for the loss 
to man, since it may be recov'erable from the animal 
in the form of milk. As a matter of fact, however, 
this rroovery is very inramplete, and is quite inade- 
quate to cover the 1<^; for the estimate is made that 
for the 62,000 tons of protein given to the cow, only 
5170 loss are retursM iii the form of milk, so that, 
even taiing this into ^xoiint, the loss of protein to 
man by using fcKd materials for brewing amounts to 
about |»r cent On another calculation, the total 
protetfi obtain^ for man and animals is less by 
22| |Mjr cent than if the materials had been used 
dirttitly as foed, 

erf' beer Is fe^re talseM at ps* SiKis it vsoyiik' 

t»» fmm to 0.185 P®* ; this %’'otald g-iw a ptotein conieat 

'irf tie Iws* iptS df iSeo iooo tens . 
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It may be asked what becomes of the food thus lost 
in the course of beer-making. I have divided the 
original constituents between man and his friends tl'ie 
cow and the pig, the latter being only temporary 
reservoirs, and returning the food to man in the forin 
of milk and bacon. When we use the grain for 
brewing, however, we have other claimants, and some 
of them are much more voracious than the pig even. 
In preparing malt the grain is allowed to begin to 
grow, and is then killed by heat, the object being to 
change the starch of the grain to a soluble sugar. 
This change entails the consumption of a certain 
amount of energy which is afforded from the original 
starch of the grain. Beer is then formed from the 
malt by the action of yeast which changes the sugar 
to alcohol. But the yeast plant can only grow and 
cause this change if it is fed abundantly, and it does 
this at the expense of the sugar obtained from the 
seed. We have thus two greedy mouths to feed in 
the formation of alcohol from grain: (i)the grain itself, 
and (2) the yeast plant. The food that remains after 
these have had their fill is consumed by man and 
cattle, but the food consumed in the process of malting 
and brewing would keep London for three weeks. 
There may be political or social reasons for feeding 
the yeast at the expense of the Londoner — of that I am 
not competent to judge — physiologically and eco- 
nomically it seems unjustifiable. It has been said of 
old that “ It is not meet to take the children’s bread 
and thn)w it unto the dogs”, but we are throwing It, 
not to the friendly dog, but to organisms with which 
we can only become acquainted by the aid of the 
microscope. 

Alcohol is not being distilled for use as a beverage 
at prese-nt, and I have therefore confined my remarks 
to the ■ iKCwing industry. A few figures may be given 
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for the use of grain in distilleries, and I select the 
year 1907, the last complete year before the Commis- 
sion on Whisky took evidence. The materials used 

were: 


Malt 

Unmalted grain 
Molasses ... 


i73jOoo tons 
247,000 „ 
50,000 „ 


j-at 60% extraction = 
= 12,000 tons sugar = 


Million 

caiofi^ 

870,000 

45,000 


915,000 


The malt and grain, if milled to 60 percent fineness, 
would have given flour equivalent to 870,000 million 
calories; assuming that the molasses contained about 
25 per cent of sugar, a further number of calories would 
have been supplied to make a total of 915,000 millions* 
In the distilleries these yielded 91,000 tons of absolute 
alcohol, equivalent to 637,000 millions of calories. The 
loss in human food by the process was therefore about 
30 per cent or 278,000 million calories, which is suflS- 
cient to feed London for thirteen days. The loss in 
food for animals is equally great when grain is sent 
to the distillery instead of to the mill. At present the 
distilleries are providing only industrial spirit for the 
manufacture of munitions, and we have no indication* 
how much grain which might be used as food is 
being employed in this way. It has been sugg^ed 
that the large stocks of spirits in bond might be re- 
distilled and utilized for munition purposes, thus free- 
ing a certain amount of imported grain for food. 
This drastic proposal could only be carried out at a 
cost of many millions, as the whisky would have to be 
paid for ; and it is to be hoped that we shall not be 
driven to straits which would make the suggestion a 
question of practical politics* 

Besides the financial objection, it is urged that dis- 
tillation must be continued in order to produce yeast 
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for bread-making, which in many parts of the country 
is entirely dependent on the distillery product. Atoiit 
twenty distilleries were engaged in yeast production 
in 1907, and some of them turned out as much as 50 
to 40 tons of yeast per week at ;^3o to ;^40 per ton. 
In these the alcohol had almost become a by-prcxloct. 
But is yeast in this amount necessary for bread- 
nnaking? There seems no question that of late years 
the baker has been extravagant in his use of yeast, 
and that equally good bread can be baked with a 
much smaller supply. And in many parts of Scot- 
land and the North of England the bakers do not 
depend on distillery yeast at all. If the prejudices of 
the bakers against a departure from a luxurious 
method can be overcome, there seems no reason why 
the distilleries should not be shut down and the 
present stock of spirits drawn on for industrial pur- 
poses. A certain amount of grain would thus 
freed for consumption. But for financial reasons this 
could only be done as a last resource, to which it may 
be hoped the country may not have to resort. 

The discussion of the food value of alcohol and 
beer at such length has left but little time for other 
beverages, but their importance as foods is compara- 
tively small. Tea and coffee as such have practically 
no value in themselves as foods. Those ascetic 
and rather superior persons who drink tea or coffee 
without milk or sugar, obtain no food from them, and 
I am afnaid must be classified among drug takers, for 
the only constituent worth mentioning is caffeine, 
which stimulates the biain and rouses to wakefiiln^s 
and relieves fatigue. On the other hand, the additiofi 
of sugar or milk or cream gives ^me value to these 
beverages. In the days of abundance before the war 
I had once the curiosity to estimate the f(X)d value of 
the sugar taken in a>ffee by one individual, who, I 
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fiiusi confess, drinks it very sweet. I was surprised 
to ind tliat his coffee had the same food value as 
oitJinary beer. The sugar added gave as much 
energy as the alcohol of the beer. Where milk is 
addi^ in addition to sugar, as is still the general 
csstoin, coffee and tea may have quite a high food 
vaiuC' — ^greater than that of the strongest ales. 

Cocoa differs from tea and coffee in containing a 
considerable amount of fat, protein, and carbohydrate. 
A cup of cocoa made with water may be estimated to 
have alx>ut half the food value of an equal amount of 
b^r. If made with milk the value of cocoa is multi- 
plied about four times. 

Most of the c^her beverages hardly have any value 
at ail as foods. The sweet effervescent drinks may 
oontain sugar in trifling amounts but very often con- 
tain only saccharine, which is valueless as food. 

A. R. C. 




The Strategy of 

FARMING, PAST AND FUTURE 


The events of the last three years have, to a con- 
siderable extent, if tardily, drawn people’s attention 
to the fact that they are dependent upon agriculture 
for much the larger part of their food, but I very 
much doubt whether the majority of people realize 
how great a fight has to be waged before the farmer 
can win food from the land in sufficient quantity to 
meet the demands of a district that is at all closely 
populated. 

May I for a few moments draw your attention to 
the elements of the fight? In daylight we find our- 
selves moving in and surrounded by the rays of the 
sun, which form the motive power of the process of 
food production; we have underfoot the land, which 
is the laboratory cum manufactory capable of using 
this motive power in such a way as to promote full 
plant growth. There are two great armies wishing 
to secure the services of the sun’s rays and of the land, 
namely, certain plants and man. These plants have 
the natural desire to live, to reproduce themselves, 
and, when dying, to leave all they possess to their 
heirs. It is a fact that all they have to leave is strictly 
limited to their own dead bodies; but that is not their 
fault, and it happens that this residuary gift is of such 
great value to their descendants that it quite satisfies 
their wants. Man, on the other hand, wMies to secure 
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mmAmvM tkoblems 


iHf fifin? i«r il% or both, for his own eiain- 

frftjnte, aini l>t*i|iiealhiiient* Sometimes 

I hr 1% v.» kindly as to allow' the use of 

I hr the plant— to Mime animah but eren 

ihm. fTi»"*rr rs|iir^':iaily in the case of farm live stocky 
ht hav the ulrnwr motive of scif-preseriation or of 
tor himself greater ease. This siruggle 
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g the eiiemjr in fXJssession and master once 
of his domain. The differenre is one ©f 
j: in the first instance the ravages of the Iniman 
inly entail partial deslmction of the plant popu- 
cciipying the country. The blackl^rrtes* nyis, 
asses are not captyml or d^troyed in large 
]h proportion to exterminate even leinfxirarily 
Inlt fMjpuIation. In the second case the adali 
ation is as far as possible temporarily exler- 
ed ; it is throogh their offspring, known to ms as 
that repopulation proves possiWe. 

The third and much the more advanced elass^ 
warfare— farming prof^r — consists in eiadicaling the 
plant enemy known as the w^, and occupjlng the 
land in perf^tnity. This involves many things. 


And all the time man is potting his capital ai^ brmin 


ItTijOlMiila 


ill til* prti ti till 


KWitiJtiPMrfftim 


enemy most be kept at bay. Total exterminaticMi is 
not attoinable, natore mm t0 it that an innomeimlie 
hmtof weeds is always profit to attack tl» hiist»iid- 
roan, and, if his efforts are inadequate, to fepiin the 






|{|i>LCMfli:AL PROBLEMS 


of priidiiction. That the farm ©f 
^ ; j , ^^^4 umm %vas not deliberately cliosee I am 
, I' , Tlie <^fmt reformer, CoMen, who played 
* » ^*"4 ' .1 r^ari in leading national thought when the 
I’h/w, V ttfridnl upon, if I read correctly his essays 
"-d hrs, had no such wish. He was at much 
to mpliin how the land might be made more 
pfinluiiue if his theories w’ere put into practice. He 
and not without reason, that the value of land, 
AS r%|'irrs^#‘d in rent, might be less high in the second 
Ihan It I'ad Ijcen in the first half of last century; above 
nlh he inlendi^d that the terrible lot of the agricultural 
kkwfff shofild improved. In paying my humbte 
tribute to the splendid effort Richard Cobden made 
Oft behalf of this class of the community, I would 
iiitMiit that it »’as the treatment that the rank and file 


of the agrktilrural arm.y received during the first half 
thf funeteeinlli century that brought down the 
judgineiit of God upon the industry as a whole. 
C 4 >^ii had no conception^ that the system he ad- 
vamled would cause much of the land in England 
10 «wie dom'o to prairie value. He relied, more- 
0vm, ii^ the cmt of transit® of food to protect the 
fefnwf ffom competition with prcniuce stolen from 
ti» riff in soils of the world overseas, but between 
tSjj. and 1M5 safeguard practically disapp^rcd* 
Tte trn ftiilings a quarter he foresaw^ as the perf^tual 
the ruin of the industry, fell to a sum 
clwty apfwiimating to tenpence, with the result 


that this country revelled in a supply of cheap stolen 
gm:d& which sfie mmm learnt to appreciate at the 
wofti the low price she paid for them rather than 
at thrif intriiisic value of life-keeping food. 

Wt mv review the effect of the sale of almcat 


t ^ Jf A,. Vet. 1, s*- 


Edil«i by &%|i* 
*£m. a 
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imliniifed supplies of stolen fcxx! ii|x>n the ai^riciifiiiral 
ifidiisiry, or rather upon the farmers— tht» rapiauis 
of indiistry of agriculture. 

Those who suffered may, as far as I am able to 
judge, be divided roughly into three classes. 

The first class, by the accident of holding excep- 
tionally g€M:Ki land, by the accident of farming in a 
particularly favoured situation, or by that comwierice 
which enabled the supernrian to combine the know- 
ledge of the scientist with all the characteristics of a 
ass capta 

iiic ricKMiing of ifie maricecs, on wmco iney naa, m sru 
their gcx>ds, with produce the result of theft. An 
audience such as this will realize that the number 
who could so carry on irvas very limited. 

The second and much larger class themselves 
turned land-robbers to a greater or less degree. 
It was not merelv that four millions out of sixteen 

plough 
I had to 
ving to 

compete with farmer, but when it comes to comfM*li- 
tiofi with men who have no rent, no manures, no 

‘ ‘ * * 'to pay 

^ch fMrt 
f wheal 
f count- 


tl 
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mitfriil m'llti %vhich to manufacture food, which tfie 
huuMn race in a thickly populated area must have 
crralrd in i:reat abundance if it is to carry on. 

h third class, who are of the utmost importance to 
iiur analysis of the past, remains to be considered. 
These were they who in striving to remain in the first 
cia?%s failed and fM the way. Their sad story has 
had a deterrent effect upon food production in 
Eiiglancl during the first years of the present century. 
For many reasons prices improved after 1900 had 
fmsMd, but farmers could not forget the story of those 
who fell in the cruel and unequal struggles of the late 
'«fenlie% and the terrible farming years of the ’eighties 
and even the ’nineties. 

Further, ^‘gexd times’*, due no doubt partially to 
the cheapness of food in our cities, drew away from 
the ccftintry the more intelligent and the men of best 
l^ysiim! development from among the agricultural 
latouiers. Again, in many districts the times, though 
iapfoved, were not good enough to allow of adequate 
wages being offered by all those wishing to farm once 
agMi, I am nc^ here to defend those agriculturists 
who took advantage of this dearth of competition to 
for Ihem^selves gocxl labour for an inadequate 
for I know only too well that they are wiffiout 
and I know ttet their cx>nduct is to a certain 
txfeal for the slowness of the revival of 

usivtiml ftfminf in England. I can, however, assert 
t^l in tie giml irojority of cases the wages paid, 
m they fmy have t^n, were as high as the 
employer oouM aferd, and, again, ofen quite .ad-equate 
fc^the clam eff service rendered: for the 
^»stanl ci die b^t men from the land 

1^1 l«i to a imrtei i«lu<^>ii in the worth (£ the 
dial ilio^e who remairt'ed* or would, in- 

f^mf give for'ihar wage. 
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May I remind you of another thing that Cobden, 
and those reformers who worked with him, did not 
foresee, namely, the necessity of ensuring that the 
supply of home-grown food during the continiiance 
of a world war should be as great as can reasonably 
be secured? 

May we not with advantage think of this last point 
when we are discussing the strategy of the future? 
Does any reasonable man now doubt that in these 
islands it is unwise to neglect to support agriculture 
in times of peace? If such a person is among this 
audience, I must leave him to his own reflection, for 
I have only too little time left in which to draw your 
attention to such considerations. 

I believe, and I think it is fortunate that it should 
be so, that the nation will have ample time in which 
to reflect upon the problems involved, for in my 
opinion, for some years after the war is over, the 
world will have to stop thiemng from the land, and 
farming will have to become universal. 

I maintain, however, that it is wise to look forward ' 
to the future, which may bring a time when Britain 
is once again offered produce stolen in large quantities 
from the soil. It is my ambition that by then this 
country may have learnt to see the evil of handicap- 
ping home agriculture, and it will, I hope, have 
devised some scheme which will have the effect of 
subsidizing home production. 

As regards her methods in the immediate past of 
handicapping agriculture, may I start by sp^Mng 
the subject nearest my heart — education? At present 
in our elementary rural schools ail the thoughts of 
many of the teachers are turned towards the hopes of 
belter i^y in tM Umms. Can it hop^ that such 
terms of employment will lead to any emMmsmsm for 
the fomancx of the art of fcKjd produK^os being active 
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in th»* minds of those who teach our little children in 
. )i{ r Eni; lihh vi llage schools? No one who has studied 
the agricultural problem, as well as that of education, 
need-, to be told what a handicap an absence of such 
enthusiasm must be to the farmer who requires a 
pn.|>er proportion of the village children to grow up 
tnto a fwpulation that will supply good men to work 
fits land* 

Turn fmm the peasant to the proprietor, and realize 
(hr tick of adequate instruction for the landlord class 
at mAUf of our universities. 

In England, Ireland, Scotland, and Wales, from 
tkt hundred years succeeding the French Revolution, 
mr splendid class of young landlords, who have so 
ftrelv given of their best in this war, were taught, 
w iff/ exceptions so small as to be negligible, every 
feusiness under the sun except their own. On the 
other hand, Napoleon established at Versailles for 
Fwiich agriculturists one of the finest agricultural 
colleges the world has known, as soon as ever his 
despolisfn created order out of the chaos the revolu- 
tim had made. Even now one is constrained to be 
ihankfo! that the effort made to educate the landlord 
is not so smatl as it was twenty years ago. 

There is also the question of local taxation to be 
revised* It Is hard on the agricultural community 
that the holes in country roads torn up by motors 
iyieg out from the towns should be repaired to some 
extent at their exf^n^. Our system of local taxation 
not only iniicts such a hardship on the farmers them- 
selves, but also impels a greater handicap still on 
home prixiuction: for if a man lets his farm godere.- 
lict, his share of such a tax will be low; if he carries 
M intensive cultivation,, and induces his land to prt>- 
iucc the utmost, his share will be high. 

In the days txfom the w^r ,a landlord might hai^ 


FARMING, PAST AND FUTURE 


83 


wished to increase production by turning grass-land 
over with the plough, and this, besides reducing the 
rent he received, involved putting up farm buildings 
at considerable capital outlay. Parliament, as an act 
of common justice, had remitted half the charge for 
local taxes Ofi the land^ but new buildings constructed 
for increased food production would have had to cany 
their whole share, for, unlike the land^ the buildings 
of the farm receive no reduction. The ill effect of 
such a system of taxation must strike anyone who 
reflects for an instant. Grass-land farms, with their 
higher letting value, require little capital outlay on 
buildings, few of which are required for this class of 
husbandry. The local taxes on land are halved, but 
the rates on buildings are left by our countrymen at 
their old high level Was this system not likely to 
prevent grass-land being brought back to the plough? 
For under it a landlord, by putting his capital into 
buildings and having his meadows and pastures 
ploughed up, could only expect a reduction of rent; 
the farmer taking the plough-land farm could only 
expect his local taxes to be higher. Does my audience 
wonder that those of us who for some years have been 
preaching a retum-4oiM-plaugh sermon have had to 
be content with apathetic congregations? And yet, 
as regards production, the plough-land will always 
the greater national asset: every authority knows that 
arable land yields more produce than permanent grass. 
The whole question would require more time than I 
can give it, even had I, which I have not, the expert 
knowledge with which to bring it in detail to your 
notice, but I have knowledge enough to tell you 
briefly that, as regards local taxation, the strategy of 
the future must be guided by ideals of increased pro- 
duction rather than by visions of vote-catching among 
the dwellers in the towns. 
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It is admirable that municipal government should 
have splendid systems of tramways to convey the 
tired workmen from the factories to their homes in 
the suburbs, but that is no reason why we should 
be practically without any systems of light railways, 
to bring the bulky produce of farmers working in 
remote districts from the land into the town. Are the^ 
British public aware that it used often to cost more to 
send 500 pounds of bread-stuff from one part of an 
English county to another than it used to cost to send 
it from the plains of the Old World to the big ports 
of our island home? If they know it, do they realize 
what it means? I hear to-day people talking of the 
wickedness of farmers feeding barley meal to their 
pigs. I shall, if I live till December, have been leo 
turing to farmers and agricultural students for twenty 
years. For the first five years of that time it was my 
duty to tell farmers how foolish it was of them not io 
feed their wheat to swine. Wheat, which then was 
round about 25^. for 500 pounds, cost so large a pro- 
portion of its value to deliver that it was the i:%ht 
jx)licy to let it go to market in the concentrated foam 
of pork. 

I could keep you here all night talking of our griev- 
ances, but let me now turn to two suggested remedt^ 
that loom large in the mind of strategists thinking 
the future, i.e. small-holdings and industrial ferais. 

I will l^gin by ^ying we must, in any perf^ 
system of nation^ agriculture, have enough small- 
holdings to fulfil certain demands. 

There is, first of all, the local need of a small 
farmer to supply such things as milk, eggs, vege- 
tables, &c., to a small village cxxmmunity. Such 
men must be encouraged more and more, and not 
suppresstti, as was often the case before the Smsdl 
Holdings Act was passed. 
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Again, there is among us a certain class of men 
-who work very much better as their own masters 
(or slaves) than as someone else’s men, and yet have 
not the gift to command others. These are sufficiently 
numerous for it to be wise of us to cater for them; it 
is, I believe, imperative to do so if individuality — one 
of the greatest of our countrymen’s gifts^ — is not to be 
driven out of the agricultural labouring class. The 
pity of it is that in the past so little discrimination 
has been shown, when letting small-holdings, between ^ 
the class of man I have tried to describe and the man 
who wants a holding of his own became he does not 
want to work either as master or man I 

Again, it would seem that certain localities are so 
favourable to spade- as against plough-husbandry as 
to let small-holdings come naturally: these, I need 
hardly say, I should not suggest disturbing. 

But over and above all, we must have enough small- 
holdings to let our good men get through and become 
masters. Many such potential captains of industry 
would be kept back had they to wait till they had 
saved out of their wages enough capital to take a 
large farm. The great army of agriculture cannot 
afford to risk losing its best ‘‘rankers”, and to my 
mind an adequate supply of small-holdings is nec^ 
sary as a training school and as a step-ladder. 

The foreman, head wagoner, cow-man, shepherd, 
&c., on large farms would be more likely to give 
good service to their masters if they all felt that the 
possibility of securing a holding of their own was a 
matter of practicmi politics. Many would never take 
advantage of the pc^ibilities, but would do so, 
and remain useful small-hoJders all their livm One 
can, however, ronfidently fori^e that among those 
who start the best would get on, and r^riiits 

for the class erf really u^fut large intnefs who are 
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fi0t Eow plentiful enough to secure for the nation the 

utmost agricultural output. 

The» few classes of men would, howev^er, never be 
likclj to absorb more than a small proportion of our 
land Any attempt to force all our country under the 
Small Holdings Act is foredoomed to failure. It is, 
10 exemplify, like what reverting to the days of the 
iiandlwiii in the textile industry would be. A small- 
holding, J'e, is intrinsically economically unsound. 
The profwrtion of waste land is increased, the accom- 
rbixiatioii of the farm-buildings and of house room is 
|Hi>i»rtionately reduced, and the capital outlay on 
impfements of tillage is proportionately increased. 
W&m of material, such as the trimmings of corn- 
stacks and outsides of hayricks, is quite needlessly 
ineneasai. Above all, the skill of the men working 
such small units of land single-handed, is diffused 
over so many classes of work as to lower the per- 
formance of nearly every operation carried out to the 
level of work don e by the apprentice. At best, as on 
large farms, the skill of the men employed must be 
wtry varied, hut on the large holding it is possible to 
select, and m to put the best thatcher on to thatching, 
the best builder*^ on to stack-building, the best 
homman on to (X>ntrol the more difficult colts, the 
tet machinery naan on to the more complicated im- 
plcaents, like the self-binder, &c. On the other 
hand, the small-holder has to do everything, regard- 
less of his ability in one particular direction. The 
policy of establishing all our land as small-holders’ 
ferms is such'pcwr strategy, that it only wants some 
little knowledge and enough a)nsideration to ensure 
&e mmntiy^s rejecrion of the plan. 

The ‘Hndustiml farm’* has much more to recom- 
TOfid it I on |»|)er the ‘‘small-holding” has not a 
lc»i: in. The theory which ^tablishes the perfection 



FAHMiMG, PAST AND FUTURE 


gy 


Df the former, however, assumes too much — much too 
much in my opinion. The work of the intensive 
farmer cannot properly be compared with the avoca- 
tion of the manufacturer. The man who has to pro- 
duce the utmost from each of his fields has to have a 
special knowledge of each of these divisions of land, 
andjWhat is iriore, has to impress his own individuality, 
to a certain extent, on each of the naen who are work- 
ing, separately j or at any rate in small parties, all 
over the land. The thing is quite as special as, say, 
dentistry. False teeth may, we believe, be manu- 
factured by the pound, yet it is customary, and I 
think it is likely that it will remain customary, to look 
upon the dentist as a professional man. The dentist 
has to combine knowledge of his individual patient 
with his general medical and engineering ability, and 
crown all three with manipulative skill So with the 
large farmer; he requires the knowledge of a collec- 
tion of subjects, forming a conglomerate of learning 
at least equivalent to that required from many men 
of high professional standing. Yet, with all this, his 
capacity as a man of business must be great enough 
to bind all his mental feculties into one definite weapon 
of attack against his weed enemies. And, while he is 
so fighting to conquer them, he must further contrive 
to induce the great forces of nature to produce his 
own and his fellows’ food to the greatest possible 
amount; for if he does less he cannot be said to carry 
on intenume farming’. When all this is realized an 
industrial farm of 5000 acres, pushed to produce its 
utmost, seems quite beyond the capacity of any but 
the very exceptional man. 

The physical limitation of the ordinary man alone 
seems to make the enterprise impossible. In this 
small island country of ours it cannot be expected that 
such a fariri would consist of less than 125 fields- 
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That is to say, it wDuld have fields of an average size 
of 40 acres. These seem to me to be the largest that 
can be reasonably thought of when allowance is made 
for the cmiBpled formation of our geology and the 
ever-vaiying nature of our climate. Think how far 
would a man have to %valk to get over such a farm ! 
I cannot think but that he would have to traverse 
^ch field m am amerage once every working day of 
the year. That is to say, he would have to walk over 
30 on each of six days in the week in order 

profjerly to supervise the working, grazing, and fold- 
ing of the land. This amount of exercise obviously 
would he im|X)ssible, and so much of his work would 
have to be deputed, and it is this transference of 
authority which destroys that individual capacity 
which alone can induce each field to produce its 
In the past one has seen examples of men 
«ilargiiig their occupation of land by piling farm 
upon ferm^ ^ch holding being under the immediate 
sufxrvisioti of a bailiflf, foreman, or manager, some 
deputy df the master by whatever name he was called. 
Swdi have been among the very worst examples of 
Mad robbers! Why then seek to encourage them 
under die name of industrial farmers? These gentle- 
men farming large areas (and even for such work 
5cx» acres were very exceptionally high), made very 
small profits inde^ out of each hundred acres; they 
relied entirely on the quantity of land held to atone 
for smallness of yield from individual fields. In their 
own way they were cajMble, enterprising, and hard 
working. Hmd pms^le they would, I contend, 

have farmed intensively, or produced the utmost the 
fand was capible of yielding, whereas it is common 
Ifiowlaige dial they did no such thing, but very 
iii«h A® reverse. 

I lave liMi ownsiderable ex|)erien€e of the farming 
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community. I have had about 700 long-course 
students under my instruction in husbandry; I have 
known, intimately enough to judge their capabilities, 
quite another 500 gentlemen farming our land, yet I 
cannot, after careful thought, bring to mind a dozen 
men capable of running an ‘^industrial farm” of 
5000 acres in such a way that every field should be 
doing its fair quota towards feeding this very thickly 
populated country of ours* It takes an exceptionally 
good man to farm 1000 acres thoroughly; 500 inten- 
sively done is quite enough for the man usually 
spoken of as just above the average. 

It is to these latter that I look to for help in the 
future. The strategy should be to train such men so 
that they take full advantage of co-operation. They 
must learn to take advantage of all the experience of 
the past — which includes avoiding the errors of the 
past — to supervise science in such a way that agri- 
culture may derive the fullest possible benefit from 
research; and also to be ready to criticize, without 
carping at, all that systematic investigation lays before 
the farmer. Further, they must learn — all the better 
if self-taught — to co-operate as regards the use of 
labour-saving machinery, such as traction steam 
tackle, motor-ploughs, threshing-engines, and the 
like. They must also learn to be more carefiil as 
regards studying the markets, account-keeping, saving 
unnecessary losses, and reducing all excessive middle- 
men’s profits. Last, but not least, they must team 
to know their fellow men, so that, on the one hand, 
they may make good tenants themselves, and so bring 
more capital on tx> the land, while, on the other hand, 
they may secure for their own advantage the ^rvices 
of a devoted j^asantry working to their own 
tion for die furtherance of the greats jw^ssihle hcmie 



y) BiaLQGl CAL PROBLEMS 

But none of this is at all likely to come about if the 
Britisli public is not willing to give the agricultural 
industr}^ security for the future. I say for the future 
advisedly, as for the present, and for some years after 
this %^ar, the world has got to farm hard, or the world 
will starve! I have not met any authority of any 
weight who thinks it possible that land robbery can 
start immediately the war is over. We all, farmers, 
landlords, labourers, as well as experts, are, however, 
looking bo the time when stolen ;prodnce is offered once 
again to this country. That is the only danger we 
want protection against- The question as to what 
form that protection is to take is, I submit, worthy 
of the consideration of all thinking men. 

For myself I suggest that it is worth this country’s 
while to think out some plan that will for the future 
SMbstdme production. The capitalist — in other words 
the landlord — ^the captain of industry — yon know him 
as the fanner — and the greatest national asset of them 
all — ^the agricultural labourer — somehow or other 
have to be convinced that you do not intend to let 
them down once again in the near future as you did 
between 1875 1900. Convince all three parties 

erf this, and your insurance premium against the risk 
of your once again finding yourselves in the dangerous 
pcRsititm you are in now is receipted. Let these three 
classes go on believing that you are only anxious for 
the time when you may once again have food cheap 
enough to waste to your heart’s content, and you will 
be as far off reliance on home production in the future 
as you were in the August of 1914. 

How best to subsidize production is a problem so 
difficult as to entail a study that any peaceful strate- 
gist, however brilliant, may find worthy of his talents. 
Nevertheless, I am venturing to conclude my lecture 
by putting before you my own ideas as to a solution* 
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I will begin by asking you, for the sake of yoiir 
country, to forget that the questions of Free Trade 
and of Tariff Reform were ever torn to pieces by the 
wolves of party politics; or rather, shall I say, may I 
ask you to realize that, owing to the stress of war, 
these nauseous subjects have been masticated, swal- 
lowed and digested. We have to look at the problem 
with eyes recently recovered from blindness- 

I suggest to you that all food should bear the cost 
of its own police protection. You ask a British 
farmer to pay rates so that the police may protect his 
produce; let the overseas food pay for the navy that 
is there to protect it. Cobden, in his early days,^ saw 
no harm in a fiscal duty on food. I suggest to you 
there is good in such a system of taxation. In the 
first place, such a system of taxation might be well 
used to check all tendency to waste ; further, I should 
use it as a means of encouraging home-grown pro- 
duce. 

I would begin by coming to an understanding with 
the landlord or the capitalist To these I would say: 
“ Our scheme of taxation will, if by the wit of man it 
can be accomplished, insure you decent rent for, or 
interest on, the value of every acre you possess so 
long as it is intensively farmed. The same principle 
will apply to any buildings you may put up or any 
improvements you may execute that will help on pro- 
duction to the utmost. But, on the other hand, if you 
want to own land so as to allow yourself the pleasure 
of entertaining your friends to great slaughters of 
hand-reared pheasants, or so as to enable you to sur- 
round yourself with incompetent tenants who pay you 
part of their rent in servility or for any other sort or 
kind of amenity, why then we have to tax your land 

^ JPadiUcal Wpitin^s (f RichmiL CoMm, VoL I, p. 1419. BnUi^ied 
Wffiajm Rygwajr, 169 Piccadilly, W., 186R 
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at least tom great m extent and in the same propor- 
tion as the champagne fxople drink, or the powdered 
fTOtman they employ, or, in fact, as, high as we would 
£m}* QlkenxiraPiigmfii luxury. It is indeed hoped that 
%¥C may te able to apply taxation so high that you 
will give up misusing the nation’s most precious com- 
modity, and spend your surplus wealth on some other 
fom 

Turning to the farmer, I would remind him that all 
fax! whereFer produced was to pay a substantial fiscal 
duty* Such duty would pay its proper share of the 
of the navy kept up to police our trade routes, 
and also of the army necessary to ensure that we 
should again find ourselves in the precarious 
position in which we did in the year 1917 owing to 
oiir ifmbilitj to prevent our enemy from constructing 
U boats on land quite close to our shores. I would 
mmn^ that the farmer paid such taxes on all his 
produce, it being understood, for it is only fair, that 
in a^^sng him his local tamtion should be con- 
sMerwl- This taxatian on home-grown food could 
be feuiittrf, and it is p^rt of my scheme to do so, 
imiw' all ©r any of the following conditions. Firstly, 
if there danger of the prices of incoming food 
stolen fpcMm virgin soil going so low as to penalize 
l»»e piwiuction* Secondly, if there were 
dtagef erf* prk» getting sk> law as to prevent all 
farineis |»ying tiieir labourers a wage high enough 
to ensure tie a>untry’s having an adequate rural 
The fmying of a satisfa.ctory wage to 
g«xl men always be an imperative, condition: 

^aisy of laxation on home-grown produce. 

■Of’ ^ain, if for piiTK)^ erf insurance against any 
p^imlir naticffieil clanger or disadvan,tage it., was 
to' e»«XM.f^e a.ny particular form; of pr(Ktuc- 
iMMf such as that of wh^l* or wool, or .^me trfass.oC' 
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meat or dairy produce, a remission of taxation on 
that crop or product might be granted. 

The essence^ however, of my whole scheme is that 
under no conditions whatever should remission 
obtained by the land-robber. To remit the food-tax 
to the land-thief means giving profit to the individual 
at the expense of the nation^s wealth. To remit to 
the intensiTe Jarmer is my idea of the best way to 
subsidize production. 

Any such scheme involves the setting up of some 
form of authority to decide which estate is well or ill 
managed, which farmer is paying a living wage, what 
is intensive farming, &c. I admit this to be a dis- 
advantage, but, I contend, it is less of a disadvantage 
than to go on with a very large propM)rtion of this 
land of ours not properly farmed. I confess I would 
rather have the trammellings of a Department of 
Lands and a Land Court with its many possibilities 
of evil than run the risk of not getting every acre we 
possess once again under conditions of high fertility. 

Anyhow, I am convinced that if we are to be warned 
by the past, it is necessary that future policy should 
on the one hand deal out greater fairness to the land- 
lords and the farmers, and, on the other, insure by 
every and any reasonable means that agriculturists 
themselves do their duty in winning food in the 
greatest possible profusion from the land of England. 

K. J. J. M. 
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CROP PRODUCTION 


From the earliest dawn of history men and women 
ha\^e studied the possibilities of crop production, but 
the subject has never been of more importance than 
it is at the present time, when the world’s supplies of 
food are falling, and the efforts of a considerable part 
of the human race are bent on destroying the stock 
that is left. Unless we can somehow increase our 
crop production, we, our children, and our civilization 
run a lively risk of being overwhelmed in disaster. 

Although the problem is an old one, its present- 
day aspects have many new features. Under old 
peace-time conditions the farm, like any other busi- 
ness concern, was run frankly for profit, and the 
standard for measuring a man’s success or failure was 
simply the amount of profits obtained per acre. Under 
present-day conditions, however, the standard is 
wholly different: it is now the amount of human 
food per acre that matters — calories instead of pounds, 
shillings, and pence have become the standard. And 
although it is admittedly difficult to change horses 
while crossing a stream, the patriotism and gCK>d 
sense of the farmer have enabled him to make the 
change in outlook, which is steadily t^ing follow«i 
by changes in methods. Our recent meat troubles 
remind us that we shall involve ourselves in disaster 
if we make food production actually unprofitable ; hut 
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m long as the danger lasts we may rely on the farmer 
not to put profit before food, but to raise as much 

fc»cl as p€»sible. 

In the old days British fiscal and social conditions 
made it more profitable to grow food for animals 
than for men. Out of 46I million acres of land in 
cultivation in the United Kingdom only about 
5 millions directly prcwluced human food and nearly 
42 millions produced animal foewi — no less than 
34 raillions being grass. 

Our food-supply during the five years preceding 

tJbe war (1^39-13) was as follows: — 


FCmD DF THE UNITED RINGDOM : MILLION 
TONS PER ANNUM 
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The common statement that in the old days we only 
grew half our food is therefore perfectly correct, but 
it ought to be qualified by the further statement that 
we grew ten times as much animal food as human 
focKl. The farmer obtained his profit, but it cannot 
be said that the nation obtain^ much food: the 
120 million tons of animal food gave us a certain 
amount of energy, a certain amount of pleasure, less 
than 2 million tons of meat, and less than 5 million 
tons of dairy produce — mainly milk. But under the 
old conditions the system worked; it gave the greatest 
satisfaction to the greatest number, and so it survived. 

In our present circumstances it is not profit but 
calories that have to be considered. On this basis the 
crops come out as follows: — 



1 From JRsyid Smiieiyfs CfmmitUe Refm^y Cd. 8. pa. 

^ Assmniisg 3400 calorics iio^ed for one day. 

® W«|^ts of meat and ccwo;K®itioa cd iat meat, mkm ktm Sir H* 
Mkiaeteoa's paper, /. M. Agric., S^tanobor, 1915 

C0 9*S> • 
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Measured by the standard of calories, potatoes are 
the most valuable of the crops commonly grown and 
grass-land by far the least. 

Food production and crop production over the 
whole farm, and therefore over the whole country, 
can be considerably increased by changing some of 
the grass-land into potato- and corn-land. The prob- 
lems involved are largely those of administration and 
organization, and, in spite of difficulties, they are 
being solved. At a time when production all over 
the world is going down, we have not only avoided 
a falling off, but have actually increased our produc- 
tion in spite of bad seasons, labour difficulties, and 
the spread of weeds. The results for England and 
Wales have been as follows: — 

AGRICULTURAL PRODUCE IN ENGLAND 
AND WALES 

(In millions — qrs. and tons.) 


Nor is this all. During the spring of 1917 no less 
than 278,000 acres of grass-land have been broken up 
and converted into arable land, and the ploughing 
programme is being greatly extended during the 
present year, so that we may reasonably hope for 



Crop. 

Peace Time — 
Average of 1911, 'la, '13. 

Wheat 

' million, qrs. 
6-9 

million tons. 

1*5 

Barley 

5-8 

I -I 

Oats 

9-S 

1-3 

Total 

22-2 

3-9 

Potatoes 



2*7 

Mangolds 

— 

7-9 

Hay (all kinds) 


7-8 


War Tirne— 
Average of i9i5> ’i6, '17. 


million qrs. 

million tons. 

7-5 

1.7 

5*1 

1*0 

10*6 

1-5 

23*2 

4-2 . 

— 

2*9 

— 

7*9 

— 

7*7 
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n still further increase of foo4 production in the near 

future A 

There is a second direction in which increase of crop : 
production is possible. The yield obtained-' by.ordiri- 
ary farmers is a long way below that c^iained by the 
best farriiers, as is shown in the following table: — 

PRODUCE OF CROPS IN ENGLAND AND WALES 



Averag-e YfeH p«r 
Acre for Ten Years. 

YTcM ejected by Good 
Farmers. 





Busihels. 

Bushels, 

Wheat 

31-7 

40 to 50 

1 Barley 

33-3 

40 to 60 

1 Oats 

39 - S 

60 to So 

I 

1 Tods. 1 

Teas. 

Potatoes 1 

6.2 

S to 10 

Mangolds 

19-5 i 

25 to 40 

j' 1 2 to 15 in southern 

Swedes 

14.2 

1 counties 

1 20 to 30 in northern 



t counties 


Several factors are involved: the best farmer has, 
of course, a much better knowledge of crops and of 
soil management than the ordinary farmer, and also 
he has usually managed — and quite rightly — to take 
possession of the best types of soil. It is a common- 
place that high-rented land is well farmed, while low- 
rented land is badly farmed. There may a slight 
causal connection between these factors: a man may 
'work harder when he has to pay more rent, and 
slacken his efforts when his rent is lowered. But, in 
the main, the high rent and the good forming both 
aris» from the circumstance that the land is good, 

* 'Tlte &f ttie EHrector-feawal d Wood to ist laae, 

shows tew mmh was acMwed ia iMa 
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)hf rent and poor farming are associated 
<it!h Und !h,»! IS poor. 

An rdiKationa! campaign may do something to 
(cDwn th** ditferences revealed in the table, but we 
must ru4 expect too much from it; there is a real 

2 ikX'^ 

1 


Addcd^ m-. 




iiif r«ce in tim m^Mms under which the h^t and 
ikt frtff mtn wcrk^ which can only te bridged— if 
It ill — careful «^i«iitt.Sc in^esti^lions, diiect^l 
6m aad foreiMst to lt« di:^¥ery of the 6w:tore 
«»ceni«i, amf, serondlyt to the enquiry whether It. 
m in rrwitrol them in any way. 
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Thus tfie problem of increasing crop production 
involves at least three types of factors: administra- 
tive — rearrangements of the cropping to make more 
economical use of the ground; educational — efforts to 
raise the standard of the average farmer, and to do 
something to bridge the gap between the average 
and the best; and, finally, scientific — i investigations 
to discover the factors governing the growth of the 
crops, and so, perhaps, knowing them, to control 
them. 

I propose to deal only with this latter problem, but 
1 must say, at the outset, that we do not know a great 
deal about the factors concerned. 

It is a fundamental principle in crop production that 
the environment must suit the crop- A study of the 
climatic map of Great Britain shows sharp differences 
in temperature and rainfall, the eastern counties being, 
on the whole, dry and cool, and the western counties 
moist and warm. On the whole, the eastern regions 
are thus naturally favourable for grain production, 
and the western for grass production. The agricul- 
tural experts of olden times hoped to control the 
weather, or, at least, to control the clouds and the 
hail. Mediaeval writers on agriculture, following 
Palladius and other late Latin writers, give details 
of methcKis for doing this,^ but we who are sadder 
and wiser leave rainfall and temperature to look after 

^ See Palkdltis, Opus- Agriculinra, lib. I, XXXV. “Caiitra 

aod later, in the same section, “'Graadln! 
cr^iitnr ob^are", The suggestions are to barn clrnff and rsihiH:^, to 
throw a nisset gannent on the millsto=ne, to threaten the hati'ens with Moodj 
axes, to have 'white idties round the garden, to fix up an owl with ootsuctctei. 
wr^s, to smear the tools ■with b«Lr’s g:iease; but remedy naiiist be applied 
in »ret, and no one must see it done. Or. again, to carry the skin d a 
cntxxjdile, a hyrata, a smi, rwiad the estate and bang it up at the gate* to 
cany a mamh tortoise atwit in the right hand, taking care to Ices^ it l»dk 
dowwards, tlwsn, retracing year steps and still loping it €» its back, &c. , with 
det^is more than hdprful. 
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and riiake no dTort to control them; 
4>!, 4:rriu iTi^ps that suit the climate. Thus 

- « r.i|i rnip ^4' ifie country corresponds fairly closely 
u;t!j !i'r* map, e.g-. grass tends to be grown 

:n and north-west, and wheat and other 

iTup^ m the drier eastern and southern counties, 
i'h*^ i dmaJc largely tlelerniines the distribution of 

t ro|H 

Bat 4 Icnate does not altogether settle crop produc- 
!iun. I'fir map showing yield of wheat is very dif- 
vrrnl triJin that showing distribution. The highest 
uelils wheat are obtained in Lancashire, North- 
urn k'rLiinh Anglesey, and Kent. In many of these 
tases the whtut is rather a special crop grown under 
^M^adl ccinditions or by some special farmers, 
and therr is some particular reason tvhy it should be 
iMi'tef than usual. 

But iiiir common crops are not single, homogeneous 
miiiitliials: they comprise a large number of varieties, 
mhich differ considerably in their environmental re- 
quircinenfe. Barley furnishes very good examples; 
the Arrler types, with a stiifer straw and longer 
growing |>erkMi, are later rij^ners, and therefore 
beilff suiml to cold, wti conditions than the Cheval- 
lirrs, »lilrh ripen earlier, and therefore do better in 
warn roaditions and light soilj while on rich soils 
the Gddtliorf^ variates flourish best. The Potato 
virifly of t»t, one of the most |K>pular in Scotland, 
tMcJly in the »ttth and east of England; Black 
rarttrian Mis do well in the southern counties on 
tli€ fimifa lani, and Goldfinder in the western coun- 
ties. llfldtr and Record €»ts do well on rich soils 
m »oisl climate, and Black Tartarian and Sandy 

t V** m t%h lail^ % Mr. 1. S. /. Fsrmms^ 

i M I It AkmM be imi, howevar, ife*t tlie Aitiifx 

la flw ^Mn\ 
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on poor ones. Much information of this sort is 
current among farmers, but it needs collecting and 
sifting. Among the wheats, Rivett’s is eminently 
suitable to heavy land, though it must be sown early, 
and Little Joss appears to prefer light land. 

One of the great problems for the present is to 
make a careful study of the environmental require- 
ments of the well-defined types of varieties, and one 
of the great hopes for the future is that new varieties 
may be found better suited to the various local con- 
ditions than those at present in common cultivation. 

Although there seems no hope of controlling cli- 
matic factors, it is possible somewhat to mitigate their 
effects by modifying the environment. There are four 
general ways in w^hich this can be done. The first 
process that must be carried out before anything else 
can succeed is drainage, to remove the excess of water 
and to make the soil drier and therefore warmer. In 
the main drainage problems are engineering, and 
lie outside our province- The old plan that worked 
exceedingly well in the ’sixties — the days of cheap 
farm labour — consisted in taking levels very carefully, 
then digging trenches of such depth that a proper 
outiow could be obtained, and, finally, laying porous 
drain-pipes in the trenches to carry away the water. 
This is still the most effective method, but it is costly, 
and is being replaced by another and cheaper method, 
known as mole drainage, in which a steel shell-like 
implement is pushed through the soil so as to make 
a tunnel 2 J inches -wide. Contrary to what might be 
expected, the tunnel does not fall in, but persists for 
ten to fifteen years or more. 

After this comes liming or chalking, one of the 
oldest of agricultural processes, and even now only 
in part understood. Liming has an obvious effect in 
neutralizing acidity, in improving texture and fioc- 
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culatinji clay. It facilitates cultivation operations for 
all frops, and increases yields of some but not all — 
barley, for instance, responds, while potatoes and 
4»ats generally do not. 

VV'hen this is done, cultivation proper can begin ; 
this constitutes “the daily round, the common task”, 
of the husbandman’s life. It has been practised for 
ages, and has reached a high pitch of perfection by 
purely empirical means. 

The skilful cultivator can reduce a sticky soil to 
a nice crumbly condition for sowing, he can break 
down clods to granules of the proper size, he can 
increase or decrease the water-supply and the air- 
supply to the roots of the plant, and appreciably 
modify the soil temperature. The methods adopted 
were at the beginning of the war under investigation 
in our laboratory by Mr. B. A. Keen. It cannot be 
said that we know much about the principles under- 
lying them, or that they themselves have greatly im- 
proved during the last fifty years; they have, how- 
ever, become cheaper. In spite of shortage of skilled 
labour, cultivation before the war on well-managed 
farms was still just as good as ever. The work 
was done by machine rather than by hand, but the 
machine was being steadily improved so rh^r it 
should work as well as the hand. 

Having improved the environment by these three 
methods, the fourth means of increasing the growth 
of crops is to increase the amount of plant nutrients 
in the soil. The old method of procedure was to add 
farmyani manure, and this still remains the most 
popular. The advance of agricultural chemistry has 
shmn that the nutrient materials can also he added 
as inorganic salts, and great quantities of these are 
u«ri every y^r. The salts are of three kinds, sup- 
pfying r«sp«ftively nitrogen, phosphoric acid, and 
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potash. Chemistry has also shown how to use them 
to the best adv^antage, so that crop growth is now 
possible with only a few hundredweights per acre 
of salts that %vou!d otherwise necessitate ten or more 
tons of farmyard manure. 

Manures and fertilizers not only act as nutrients, 
but also as means of modifying the environment. 
Thus organic matter considerably alters the texture 
of the soil and its power of holding water, so that a 
plot treated with farmyard manure tends to be moister 
than an untreated one. Phosphates not only serve 
for the nourishment of the plant, but they also facili- 
tate root development: they are therefore particularly 
useful in conditions where roots naturally cannot 
grow well, e.g. on heavy clay soils. Further, they 
facilitate the early stages of plant growth and hasten 
maturation, thus adding to their value on heavy land. 
Potassium salts tend to lengthen the life of the plant, 
and are therefore useful on light sandy soils where 
growth tends to finish early. These effects are not 
very great so far as yield goes, but they make a 
considerable difference to the certainty of a harvest 
and to the ease and cost of growing the crop. 

Perhaps the main direction in which improvement 
is possible is the poor grass-land, and this because, 
when it was formed, it w^as usually considered too 
poor to be arable land. Over large areas of boulder- 
clay basic slag effects a remarkable improvement, 
especially when wild white clover seed is sown as 
well. Undoubtedly we could greatly increase the 
produce of our grass-land by this method, and it is 
being done. It thus becomes possible to maintain 
our present head of stock on a smaller area of grass 
and to liberate extra grass for ploughing up. 

The British farmer quite understands these points, 
and he uses a great deal of the various fertilizers: no 
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iriAii 37 milliiMi tons M farmyard manure and 
Mit-r a million tons of artificial fertilizers. Prior 
Up liii: aur the total ai noil Ills liseil each year were: 



pre-VVar 

(.'<>o 5 sL*!nif 5 t;on it* 

Unit«i K-ini4dom. 

Estimated Annual 
Value. 

Pre-War Pnces, 


Toa» per Annun'i. 


i F.t.rnivard loan are 

f 

37 ,C 03 .i 5«5 

i,ocx),(xx> 

s Nsira^t^' of '^oda 

■ 

^,000 

920,000 

■ Sylphalt* ot *'irnm*)nia ... 

tyo^OQO 

750,000 

Cv^Hitrokle Inirroliin) aod^ 

1 0^000 

110,000 

mtrjtr of limt* ... j 



Saperphojiphate ... 

600,000 

1,650,00a 

slag 

iSo,ooa 

5 ^X 3,000 

isaana 

say^ 25,000 

250,000 

Br-nc-^ ... ... i 

„ 40,000 

200,000 

1 Other^i .... : 

„ IO,OCX> 

100,000 

1 Tot ,.1 

1,105,000 

;^4,540,000 


When these amounts of artificial fertilizers are 
divided out per acre of cultivated land, they are seen 
to lie less than is given in Belgium, Luxemburg, ar 
Germany ^ if here the figures are: — 


AMi>i;’NTS OF FER^iLI^E.R USED, IN HUNDRED- 
EIGHTS PER ACRE, PRE-WAR CONDITIONS 



1 B.flfiwm. 

i- , 

— « 

Gernaaoy. 

Great 

Britaia. 

Pliu^Hvtik 

1 , 

( i.io 1.36 

0-66 

0-6 

1 Pdl 4 *<sik 

3 0.16 0.21 

0.48 

0..07 

1 Nilfai;'‘rl ... 

j p.48 0.07 

0. iS 

0. 10 

1 Total artificial fmil her ... 

j a,i8 : i.64 

1-34 

0.77^ 


j N n f m>d et« iuftie of tEe sttioiial of gaan©, booes, and olbor 

» M • ‘4 i A y*««i ^ ! Mr%, 

tcmrtSiOf m the ^ iht Intematioeal lastitutc, Rome. 

m m TOiitainmg 25 per «nt KgO. An 

te ftmiite (Aam® -mmumpim, cb«l| agrwag wkE Ihe 
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It is customarj to argue from these figures that 
the British farmer is greatly behind the Continental 
farmer in the use of artificial fertilizers. The force 
of the indictment is somewhat discounted by two im- 
portant considerations: — 

1. In Germany a considerable area of the cultivated 
land is light and sandy, and therefore specially needs 
potash, while in England great areas are heavy or 
loamy soils, which do not respond to potash except 
for special crops. 

2. Germany grows great quantities of sugar-beet, 
which specially needs potash, while we do not grow^ 
this crop. 

Further, the table omits altogether the enormous 
amount of feeding-cakes and meals imported from 
abroad and fed in the cattle-yards and sheep-folds of 
Great Britain, quantities which, in proportion to our 
acreage, are far in excess of those imported into 
Germany before the war. All these go to enrich our 
farmyard manure, and therefore our land. 

The management of this manure leaves much to 
be desired, and a great deal of the combined nitrogen 
is at present dissipated ; but the subject is being in- 
vestigated, and there is reason to hope that consider- 
able improvements may be obtained. 

I do not suggest that we have yet reached a limit 
to the amount of fertilizers we can use. Many of our 
backward farmers can do more than they have done, 
and some of our poor grass-land and waste land can 
cxDme into cultivation. I do not think, however, that 
the best farmers could well use much more artificials 
than they do at present. The following estimates of 


is given in T. H. Middleton’s German Agricmliure (Cd. 8305), p, 36, wbere 
the, phosphatic and nitrogen fertilizers are calculated as 30- per cent super- 
aad sulphate of aiiimonia, respectively. 
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pci-ssibic fcrtiliier consumption have been made:— 


■ n «• 1 T, H. 1 

j 1 

Sir Chas- 
Fkldtng. 

E. J. Runss- 1 L 

1 I Tuns per ■ Toms per ; 

Vnnum- j Aununi. i 

Tons |>er 
Annum. 

Tons per 
Annum. 

'■ XarC'grniHis. lex pressed j | 

a* nuipliiitc ci am-/': i50«oe» | 

fiioma i .. •-.J; I 

Sj|ierph 4 «ph^lf . 743»ooo j 

... ^ .’6j,000 ; S92,CXKD ^ 

360,000 : 

470,000 

1 ,643,000 i 
! ! ,463,000 j 

j 1,730,000 
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Tlir broad result of the application of these four 
inetfiods during the past fifty years has been to raise 
the efficiency of the production processes rather than 
m increai^ the yield. Prices of produce were low 
until recently and wages were rising; without these 
iniprcweinents corn production would have been im- 
possible in this country. Thus, in the ’sixties — the 
golden days of farming for the farmer — wages were 
cmiy Sr. to i $s. per week, and the price of wheat was 
roumd about 551. per quarter. Just before the war the 
price was only 321*. per quarter^ and wages had risen 
from ijx to 251. week. The cost of production 
bjKi therefore to be considerably diminished. Yet the 
aveimgc praiuce per acre was kept up — indeed it was 
somewhat inci^ased. 

Strictly conij^fable statistics for the yield of wheat 
art only obtainable sinc^ 1B85; they are plotted in 
the diagram oppesite* The curve fluctuates a great 
deal, and its pmks are no better than they were in 
the 'eighties, nor apparently than they were in the 
’sixties: we do no letter in the good years than our 
fore fa there did. But for the last fifteen years the 
ciO|» have never fellen as low as they us^ j^ri<Kli- 
cally to go: we do tetter in tte bad years. I am 
ii^lined to think that there re a rwil improvefnent • 
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when a crop is looking bad scientific advice is mom 
likely to be taken than when it is looking well. And| 
moreover, the new varieties tend to excel the old 
ones in a bad season even more than they do in a 
good one- Thus by levelling up the bad years we 
may hope to achieve a distinct gain in crop produc- 



Wbcat grrowffl in Engriasad- ItdH per acre in busbds each 3fear for 
the past 33 jear® 


tion. It is in this direction, I think, that lie our best 
hopes for increased crop production. 

Turning now to the good years, we seem to have 
got into an impasse^ and, in spite of all our experi- 
ments, we have not improved on our average wheat 
yield of about 34 bushels. Germany has made greater 
advances than we have during the past thirty years, 
but only because she began at a lower level ; she has 
not exceeded this yield. 




I * .T about It 

: ■ ^ .. fuitors wliirh a! prt^seiif, limit 

p trami down. If it appi*ars iliat 
t . . -, . ' !o=b-p;, XU* ran to litat exivnt puish cier 

I . , p . f; r? t! years. 

.e factors is strength of stem. 

II ; - • ^ s. r*' r 5 r. ep IN manured it increases in amoiiet^ 
V’.o :r ’ ■- -'-*o s ir-t t>ecofiie proportionately strongcm. 

.i i!H* b.r.iti and leaf become loo heavy for 
thr so-'P, .;o-J ifu' ertcp smmer or later falls drnvri; 
m ;4^-n^'r\ l-'inguage it is “laid'' or “lodged’'. 
I avi ‘va-n u. %-ery dillieult to harvest, and it is apt to 
fr sp>i td iH’iure it mn he got in. It represents the 
beitmd whiih the farmer cannot go in manuring 
hiii crops., rhe p2*bushel average for the wheat crop, 
mhicli me fiavr long aftained, and which no country 
m.m:h exceeds, is maiidy determined in this country 
by the fact that rmwt farmers fear to go higher be- 
fau.%e <4 the danger of “lodging”. Excellent ex- 
amples oi “lodged” crops can be seen in the Fen 
ccMintry' almost every year. 

in the erne of barley, the phenomena have t^cn 
metl described by Mr. Beavend “When barley goes 
domn jmt as the grain is ripening otf, the ’whole plant 
Ciltffi leans Iroin the cpiwn of the rcx>ts, which is 
generally about half an inch under the surface. This 
can hardly happen without the roots being to some 
ttmm Immnedf and therefore probably dt^pends on 
ibe fonditton of the «mI or the strength of the ftoIs* 
Whether m nm the Archer type of barley is the more 
strcwgl? rmnj^^ it will be generally agreed that the 
Archer barley does not go down at this stage as 
family as the Chei^allier,” Besides this general fall, 
•^rley wms to be s^dally weak in the top node or 
kfic^ in stem: it ts not uncoinrnon to see whole 

4 Cimi, ifam 
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fields bent or kinked at this point. The 
Vtiririy tends lo kiiik up in the neck, nt'-ar tiie 

lieach and ihus suffers considerable loss ihrim^h 
breaking off at the head. 

The problt^m of strength of the straw is one of the 
most importarii before us tt:>-day. it is not wholly a 
niatler of manuring. Nitrogenous manures lend to 
increase lodging, but this does not necessarily mean 
that they w'caken the stem; in point of fact, they 
iocrea.>e the si/e of the head and of the leaf, i.e. the 
weight, ihe stem has to carry. Lack of potash, on the 
other hand, undoubtedly weakens the stem. Some 
soil factor appears to be concerned, for stems are 
much more rigid on some soils than on others. So 
far no very definite anatomical difference has been 
observed tetween the strong and the weak stems. 
The length of the internodes has something to do 
with it, long internodes on the whole tending to 
weaken the straw. Possibly also a physiological 
factor such as turgor is concerned. Until we can 
increase the strength of our cereal stems I see very 
little chance of greatly increasing our yields. 

A further important problem requiring investiga- 
tion is the formation of grain. There is some factor, 
soil or climatic, or both, that determines whether a 
plant shall make much or little grain. On the brick 
earths of Sussex and East Kent wheat and oats form 
great quantities of large grain; the straw is stiff, and 
carries heads well set with large, plump grains of 
corn. On the other hand, the sands of Sussex and 
the. clays of the Home Counties, however highly 
manured, do not give anything like the ouml^r of 
grains f»r plant. Again, in the Fens, corn grown 
in districts east and north of the Little Ouse, on the 
so-Oilled sandy fen, dms not produce as much grain 
{Kr plant as corn grown west of the river on the clay 
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fen. No fertilizer overcomes this difficulty. Occa- 
sionally, in specially favourable seasons, the proper 
conditions are realized on some of these unsuitable 
soils: at Rothamsted we had such years for wheat in 
1863 and 1864, when our crops rose to 56 bushels per 
acre; and for barley in 1854, 1857, 1861, and 1913, 
when the yield went to 60 bushels per acre. 

Another phenomenon that may be closely related 
is tillering. When the wheat plant germinates it 
sends up a single shoot. After a time, however, a 
number of new shoots spring from the base of this 
shoot, so that there may be ten or a dozen stems from 
a single seed. This is spoken of as tillering or stool- 
ing. Tillering is not wholly, perhaps not even mainly, 
a question of nutrition, though that is a factor. The 
unmanured plot on Broadbalk field has received no 
manure of any sort since 1839; the plants tiller, but 
the shoots remain undeveloped, only one or two stems 
carrying any decent-sized heads. On the adjoining 
plot, receiving farmyard manure, the tillering is better, 
and the side shoots all develop. Tillering is improved 
by constant cultivation : some remarkable wheat plants 
can be obtained, by working under garden conditions. 
A well-known Eastern method of growing wheat, 
which is also practised in Russia, consists in periodi- 
cal hoeing and earthing up of the plants; a gimt 
increase in tillering is thus obtained. 

The principle was tested in the eighteenth century 
by Jethro Tull with remarkable results. During the 
last few years it has been further developed by Demt- 
chinsky,^ whose method was tested both in France 
and Germany; the yield per plant was greatly in- 
creased, but, unfortunately, not the yield per unit 

^ N. and B. Dcmtchinsky, Mithode four obtenir de Forts JRmdments 
m Cirdaks, Paris, 1913; and also A. Einccke, Landw. fahrh,, 1911, 41 , 
281-335, where the method is criiticizecL 
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area. The same principle has been applied by Mr. 
Seeley* in our own country. The re.suits are tanta- 
Hzingly sufficient to show that there i.s something in 
the principle if only we could find the right appli- 
cation. 

Tillering is al.so stimulated, as perhaps might be 
expected, by mechanical injury to the plant, such as 
rolling with a heavy roller or sending sheep over the 
land in spring to eat some of the young shot>ts. Un- 
fortunately we know very little about the process of 
tillering, and cannot therefore suggest other or better 
ways of controlling it. 


mangolds — the swelling of the root is of considerable 
importance, because unless the root gOKH on swelling 
the translocation of sugar from the leaf apparently 
does not continue long; small roots contain more dry 
matter than large ones, but not a great deal more. 


by dressings of phosphates; indeed, the chief use of 
phosphate hitherto has been for this purpose. On 
the Agdell field the swedes grown without phosphates 
&te no larger than radishes, yet the same plot will 






,,4 Hioi.oi.M u imimhi i ms 

g g, to find whrat.s capahJi' **f iillrriiHr. «»f ■4.4nfltn^ 
up, or of “corning out’*, >.r. yirldoiK ,* high fjrth, 
portion of got>d plump gr.*in, umf thru lo hfmj 
qualities into varieties lin king ih'-m lint 
other desired qualities. 

The other inetliod is to try to the signif,, 

cance of the projM-rty itself; the i.iu'-e ■,( the sin-nfjth 
of the straw, the me.-uiing of « t»rmng mit anil of 
ing, and then to go h step further, and try to it. 

The finst methml aeliirves results, hut the vromJ ii 
the more .satisfying, and, iti the eml, the more trriatn. 

Finally, then; is an imjKirtant asjM-it «hii h has noj 
yet receivrtd the .mention it deserve-.. < ntps must be 
produced without the of weeds and fri^ 

from the depredations of fungi, insm jiesis, liar ten#, 
and other organisms that attack them. Tim mortality 
among plants is prtitebfy at hvisi as great as the 
mortality among animals or children, and yi?t wtt 
make very little atiem|jl to deal with it. i*lani putthcK 
logy is almost a new subject. 

One of the mn«t important cro|is for the plant 

t 

be made the basis of our farming ; il grows rxinrniely 
well, produces one, and in the laM’ of some varietiMi 
two, good crops a year of most excvlleot animal fnod, 
and when ploughi^ in adds to the soil great stu#«i 
of nitrogenous organk matter built up with the 
operation of nitrogen 'fixing organiam* growing in 
the nodules of its roots. Kx«llwni crops id wheal can 
be obtained after a good crop of clover. 
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The only advice one can give is to abstain from 
growing the crop oftener than once in eight years or 
so, but this is unsatisfactory, because one would like 
to grow it every third or fourth* year. Some varieties 
suffer less than others, e.g. Alsike less than Red 
(Hover. 

Another important disease is finger-and-toe, an 
organism that enters turnip or swede roots and causes 
malformation, and very srK>n decay. Fortunately this 
cannot tolerate a neutral or alkaline medium. It i.s 
possible that the hydrogen ion concentration of the 
soil solution may furnish a valuable indication as 
to whether particular petsts are or an; not to be ex- 
pected. An intere.sting investigation was made in 
North Maine,' U.S.A., of two .soil types, lioth ex- 
tensively cropped with potatoes: on one- the Wa.sh- 
burn loam—potaio scab is common; on the other 
-the Caribou loam — the .scab is rare. In the latter 
ca.se the exponent is 5.2, in the former it is 5.9; the 
more inten.se acidity of the Caribt>u loam apparently 
being b(;yond the limits of tolerance of the organism. 

But disease organisms arc only part of the trouble. 
One of the most efficient ways of building up .soil 
fertility is to leave the land in gras.s for a period of 
years. Considerable quantities of plant residues are 
added to the soil, and nitrogen-fixing organi.sms, both 
free-living and symbiotic, carry on their wonderftil 
work of taking up gaseous nitrogen from the air anti 
synthesizing it into protein. Of all bacterial pr(»- 
ce.s.se.s this i.s perhaps the mo.st fascinating and the 
least understood; it well deserves the attention of a 
vigorous biochemist who is looking fora big problem. 
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of accumulated fertility on our grass-land that is 
standing us in such good stead in our day of trouble;. 
Lincolnshire potato growers in days of peace were 
willing to pay ;^I5 petracre for the privilege; of break- 
ing up grass-land. In the north of England and in 
.Scotland it has bt;en customary to leave; the arable 
land for a period of years in grass, with a view to 
building up this reserve of fertility. In the south 
of England the grass is only left for one year, but 
another method is locally adopted which achieves 
the same purpose; crops are grown for the express 
purpose of ploughing them in or allowing them 
to be eaten on the land. This practice might with 
advantage be much more widely u.sed. One great 
difficulty is to find suitable crops that will germinate 
and grow in the rather dry soil condition.^ usually 
prevailing after the main crop has Inren gathered. 
This problem I hope our breeders will be able to 
solve. But there is another and more formidable 
difficulty. When vegetable matter is added to the 
soil there is not only a great increase in the organisms 
decomposing organic matter and liberating from it 
the elements of fertility— which we may regard as 
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marked increase in certain pe.sts, such as leather 
jackets, wireworms, See. The benefit we hope to 
derive from the liquidation of our capital in plough- 
ing up grass-land in our present emergency is seri- 
ously threatened by the depredations of these pests, 
not only in the first year but in the second and third. 
No cultivation meth^ can be relied upon to rrpa'ss 
them entirely; the only reliable treatment is to find 



f 


i 



INCREASED CROP PRODUCTION 117 

search for an efficient soil antiseptic. For .some time it 
has been known that partial sterilization increased the 
productiveness of the .soil. For nunsery work crc.sylic 
acid has turned out, on the whole, a suitable agent, 
but it has disadvantage.s. What we want is .some 
effective method of treating the soil so as to kill all 
organisms, excepting, only, the resistant spores of the 
useful bacteria. Perhaps after the war some of our 
present poi.son gases may be found to .solve the diffi- 
culty for us; if we could u.se them for purposes of 
peace we might truly be said to have beaten our swords 
into ploughshares. 

E. J. R. 






GRASS-LAND AND ARABLE 

It is a remarkable fact that the farmer and the 
-scitintist alike have in the past been prone tt> regard 
•grass and arable farming a.s two entirely separate 
branches of th<s industry; so much so had this become 
the case that when the war broke out we were fit«:ed 
with the difficult position that an appreciable propor- 
tion of our farmer-s were dock-masters pure and simple 
—mere dog-and-stick men— men who had Umg since 
lost the aptitude of walking behind the plough, and 
with little or no experience of the fascinating mysteries 
of tillage. Other farms were run on a ch«*ss-.board 
plan, the rules set out at great length in antiquated 
leases, laying down suiuble forfeits to Ixs paid by 
such as moved the plough over the green or grass- 
land squares. The great advances in agricultural 
science during the last decade in this country have, 
moreover, been connected chiefly with arable crops 
and the improvement of existing grass-land, but little 
new work appearing on prepared or artificial grass 
since the imuwrtant papers of De Laune, Fream, and 
Carruthers, 

There were, however, practical agriculturists who 
were b<;ginning to realize that our chess-lxwrd system 
of farming was about played out — pfe-eminent amung.Ht 
these was the late Mr. Elliot, who, In Ills Cliff m Park 
System of Farming, %vrote convincingly on the basis 
of his actual experiments, advcK»ting far greater resort 
to the bsmporary Icy, and the taking of the plough 

tw 
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over the whole farm.^ That insufHcient attention has 
been paid to the teaching of Mr. Elliot is I fear shown 
by the fact that the Clifton Park System of Farming 
was for a long time, and I believe still is, out of print. 

The relation that exists between grass-land and 
arable had also before the war been appreciated at 
some of our Agricultural Colleges, but very little exact 
experimental work has been conducted in connection 
with the problems involved. Most of the grass-land 
work has been on the Cockle Park lines, and has con- 
cerned itself with the improvement of existing pastures. 

Professor Gilchrist and Mr. Walker in the North of 
England, Mr. Porter in Herefordshire, and the Agri- 
cultural Departments of the Welsh Universities have, 
however, done much to establish the value of Wild 
White Clover, to encourage the use of the temporary 
ley, and to demonstrate the interdependence of good 
grass-land and good arable farming, whilst Professor 
Somerville had demonstrated by a series of pot experi- 
ments the influence of White Clover residues on sub- 
sequent arable crops. 

A few advanced farmers had, moreover, before the 
war, returned to tillage dn an extensive scale — Mr, 
Falconer and Major Spence may be mentioned in this 
connection, both having read important papers on 
their methods at the Farmers’ Club. In the main, 
however, both scientific and agricultural opinion was 
quite unprepared for a return to tillage on a gfand 
scale. 

It has, of course, to be realized that extensive areas 
in the British Isles are not suited for corn-growing, at 
least for human consumption, or it is at best a very 
hazardous undertaking, and that these regions of high 

iThai is to say, by putting fields down to grass wiUi carduHy selected seeds 
mixtures, and again ploughing the turf after it has been In g^ass about ftmr 
years. 
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rainfall are in the main capable of producing g<icMl 
and remunerative grass. It has not been siiflicientiy 
appreciated, however, that gras.s production and crop 
production are not incompatible, or that undtir certain 
conditions artificial or prepared grass may be far mori; 
productive than permanent or .so-called permanent 
grass. 

Much as may be said f<»r the merits of cattle and 
milk production on purely arable lintw, it will always 
be most economical, if not absolutely essential, to 
depend largely on grass in districts of high rainfall. 
This brings me to a discussion of the theory of the 
temporary ley, and to a detailed con.siderati«n tjf some 
of the problems to bt* solved if the temporary ley is 
really to come into its own, and u» replace, as I think 
it ultimately will, even our famous fattening pas- 
tures, the land devoted to which should yield both 
tountiful arable crops and productive temporary ley.s. 
By a temporary ley ! mean a field that is .seeded down 


a clean and weediess arable field ; and, fiftr 
aggregate produce from the field whilst in 
great or greater than would have been t 
from the same field had it boen left under 
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It will now be my business to enquin- how a 
temporary ley is to be made to achieve its five ! 
essential functions, and why in practice it so seldom 

does. ; 

To deal firstly with what is perhap.s the most im- ; 
portant duty of our temporary ley, namely, to build 
up fertility. This turns upon having a turf full of ! 
clover to plough down at the end .stage of the ley, 
and this depends upon proper manurial treatment and 
stocking, and upon .sowing the right clovers in the 
first instance. The degree of pcreistcnce of the clovers 
under varying conditions is therefore at once si*erj to 
be a matter of prime importance to agriculturists, but 
as far as I know it has not been made the subjexi of 
detailed research. The clovers are most variable in 
this respect. Of the Red Clovers it may, in general, 
be said that those of the late-flowering type, that b to 
say, those with rather a deep-going tap-root, and that 
flower only once in a season, persist longer than those 
of the broad-leaved type, and there is little doubt that, 
for use in Britain, Red Clover seed harwjsted in Britain 
gives plants of more prolong^ duration than seed 
from oversea sources — seed from Brittany t« generally 
considered to give more durable plants than other 
foreign seed. Small-scale trials I have myself con- 
ducted in Wales have tended to mnfirm this view, and 
incline me to go even further, for I found that on pcstr 
fields in Mid Wales at comparatively high eievations 
the Red Clovers which persisted best were those (in- 
trinsically poor mmples so &r as germlnadon was 
concerned) which had been harveirt^ on thin nodi 
at high elevations and under adverse weather condi- 
tions in Montgomeryshire or on the CottwoWa, white 
Chilian Clover (the mmit atiractivedooking seed tm 
the market) almost invariably died out after the first 
yt®r. Alsike Clover, moreover, in odd and w«l 
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ricts often persists longer than Red Clover, and 
i is I think a fact not sufliciently appreciau-ti by 
ners. From the fertility point of vitnv White, 
ver is, of course, pre-eminent among clovers, and 
value of Wild White Clover as a rapid herbage- 
ner and fertility-conserver is now a proved fact, 
lite Clover is, moreover, the most permanent of 
herbage Leguminosa!, and a widely distributed 
igenous plant, which may be largely developed by 
quate manurial treatment. 

Tom what has been said as to c:lovt;rs it will be 
>arent that Wild White Clover .should be an im- 
tant ingredient in ail leys that are to be left down 
longer than two yeans, and that late-flowering Red 
'ver and Ahsike (Hover should take a prominent 
ce in mixtures for leys of two to three years dura- 
I. it is hardly necessary to add that phosphatic 
nure.s and lime are essential to a prtjper develop- 
iit of clovers, and that the.'a? ingredients either 
died to field.s immediately bt;fore or sub.se(juent 
the formation of a ley, by assisting sward forma- 
1, have an accumulative effect on the fertility of the 
d. 

( ley. I iiave .said, should give rise to clean arable 
d when it is ploughed down. It will bt* well, 
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Of these Dock and Shwj) Sorrel are freqncnily in- 
troduced with the clovers, and when s*» imrothuftl 
adversely influence both grass and suhseqnent ambie 
land. Creeping Thistle i.s tKuasioiially brouglit in 
with the seeds, especially in Canadian and North 
American clovers, but seldom to a sijrimis extern. 
The Creeping Thistle responds to mamirial treatmen't, 
and it becomes very plentiful on pastures that are 
continually sheeped, and I more than .suspect that 
basic slag encourages its development; thus land full 
of Creeping Thistle should be well cleaned before it 
is allowed to pass from arable to gras,s, or vice versa. 
A cleaning crop should, therefore, always be taken 
off a finished ley on bi!ing first ploughed up- the 
potato is perhaps the best crop for this purpose. 

An arable field foul with the above wettds should 
not be put down to grass in a spring corn crop, a.s is 
usually done; it would be better to tiike an early or 
mid-season crop of potatoes and so thoroughly clean 
the land and then sow down the f ra.ss under a plant 
like rape if the potato crop can be removed in time, 
or under rye sown in August or early in September. 

Bent, Creeping Buttercup, and Mint are perhaps 
the worst weeds that are passed on from arable to 
grass and from grass to amble. If m field haa been 
well cleaned before it is sown down to graM, they are 
weeds which take time to establish themselves on a 
ley, and, indeed, if a good mixture haa teen used and 
the ley well car^ for, they should not be much in 
evidence until suh^uent to the fourth ymr. It is 
lack of appreciation on the part of formers m to the 
relationship between grass and arable that is respon- 
sible for the trouble caused 1^ Bent. The average 
former has ncR the t^rage to plough down a ley 
white it is foil of clover— he deems such a sward t»» 
be too valuable from die herhi^ ^nt o# vtewf so 



GRASS-LAND AND ARABI.R 


125 


he waits till the herbage affords practically no keep— 
that is to say, till the clover has died out and the 
sward is little but Bent, and thus at once fouls his 
arable land and loses the fertility he should have 
assured for his subsequent crops. 

I now come to what are scientifically perhaps the 
most intere.sting problems connected with the tem- 
porary ley, namely, how to establish a .sward quickly, 
and how to make it uniformly productive over the 
whole of its existence. The pioneens on herbage 
questions concerned themselves to find out what 
species qua species had the greatest nutritive value, 
under what soil conditions these .species qua species 
flourished, and at what .season of the year these 
species qua species matured. All this they ascer- 
tained, and to the la.sting benefit of agriculture. They 
proceeded to argue, however, that the seU'ction of a 
seed mixture then became a mathematical problem 
pure and .simple: you wanted so much ground 
covered with top grass, so much with bottom grass, 
such and such a proportion of early spi;cie.s, a proper 
proportion of mid-season and late-maturing species, 
and there was the basis of your seed.s mixture; and, 
provided you knew the germination of your seed 
and the approximate number of seeds to the {M>und, 
a sliding scale would do the rest. But, unfortunately, 
there are other factors affecting the problem not yet 
capable of mathematical solution. What, for in.stance, 
is going to be the competitive interaction b»‘twi*cn the 
species you ww? How is it all going to bt; affected 
by those indigenous species which have a knack of 
springing up natumlly? And, furthermore, what of 
the antecedents of the seed of the desire*! s|it*cies you 
sow— where has the seed come from, and is it really 
going to .succeed and fill up its allotted jxortion of 
ground? 
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If a mixture is to form a sward rapidly, it is essential 
that weeds should be crowded out from the beginning, 
and that the sown species establish themselves imme- 
diately ; it is also essential, if a ley is to be uniformly 
productive over four years, that those species which 
are sown chiefly for the first two years do not hamper 
the development of those which will be relied upon 
during the last two years. Mr. Elliot appreciated 
this when he advocated very large sowings of Cocks- 
foot and decreased sowing of Rye-grass. The exces- 
sive sowings of Rye-grasses in common use are largely 
due to the fact that Rye-grass is known, to contribute 
very largely to the best old pastures on really good 
soils; it does not follow, however, that they will do 
so on poorer soils, or that they will persist from com- 
mercial seed — the mathematical basis of drawing up 
a seeds mixture is hopelessly wrong in respect to 
Rye-grasses. 

The Rye-grasses when sown to excess will, of course, 
ensure ^ heavy crop of hay, and the farmer is too apt 
to judge his ley almost entirely by his first hay crop. 
Cocksfoot.and Timothy, however, if they are not set 
to compete with too much Rye-grass will, as my own 
trials in Wales have shown, yield almost equally 
good crops in the first year, and do much to ensure 
a remiMierative herbage in subsequent years. So the 
first essential in the formation of a good ley is to 
decrease the normal Rye-grass sowing and add to the 
Cocksfoot and Timothy, in so far as an adequate 
supply of bulky top grasses is concerned. The second 
essential, whicli is often overlooked, is to establish 
rapidly a good soul ” or bottom sward, and to main- 
tain this until the ley is ploughed down; in order to 
do this it is necessary to establish species which have 
in the past been generally considered as only neces- 
sary for permanent pastures. The most desirable of 
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these are Wild White Clover and Rough-stolked 
Meadow Grass, and there is little doubt that the 
Wild White Clover favours the development of 
Rough-stalked Meadow Grass, as is well exemplified 
by some of Mr. I’ortcr’s plots in Herefordshire. 
Wild White Clover can be establi.shed on almost 
every soil by adequate manurial treatment, and 
Rough-stalked Meadow Gras.s will succeed even on 
thin and ptx>r soils to a greater extent than is gene- 
rally supposed, provided the rainfall is adequate. 
The Wild White Clover and Rough-.stalked Meadow 
Grass combination is most valuable from the point of 
view of .smothering out weed.s and for maintaining 
a close turf. 1 do not believe that Rough-.stalked 
Meadow Gras.s is of great value as a herbage plant 
for animals, for, although of high nutritive value, it i.s 
not readily eaten by stock. A good ley should in 
short have all the advantage.s of an old permanent 
sward with the additional advantage that the one or 
two hay crops taken should be more bulky than that 
from an old meadow, contain far more Red Clover, 
and altogether less weeds. For it must be remem- 
bered that the heavy crops of hay obtained from “ fine 
old meadows’* often consist of one-third to one-half 
of plants like Soft Brome, York.shire Fog, Sorrel, and 
Hard Heads. 

1 have spoken of Rough-stalked Meadow tJras.s and 
Wild White Clover as plants requirtid to give what 
I might cal! the permanent touch to a ley; whilst Rye- 
grass, Red and Alstke Clovers will add valuable bulk 
during the first two years, and Cocksfrsrt and 'i’imothy 
during the whole {^riod. It now remains to be asked 
if the list of plants desired should end with the.se. 
There is no doubt that, for reasons whicth will bt; 
explained later, it is desirable to add to the list. 
The prmaneni plants which suggest themselves are 
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Meadow Fescue, Meadow Foxtail, with some of the 
fine-leaved Fescues, Tall h'escue, and Crt^stcd Dog's- 
teil; but unfortunately all of these, with the exception 
of Crested Dog’s-tail, are very diflicult to establish. 
This brings us to the farmer’.s chief objection to the 
temporary ley. He say.s it takes from upwards of .six 
years to establish a herbage equivalent tr> a |>ermancnt 
sward, and that even by sowing permanent grasses it 
is not po.ssible materially to ha.sten matters; buf it has 
also been assumed that the permanent gras.si*.s which 
eventually establish them.selves owe their origin to 
having been included in the original seed mixture. 
This is, however, by no means .'ilways the case. 
Mr. Jenkin in North Wales and myself in Mid Wales 
have been able to .show that most of the fine-lisaved 
Fescues, and several other species met with in old 
leys, are almost entirely due to the indigenous plants 
which have established themselves naturally, quite 
independent of what seed may have been sown. 
Meadow Fescue, again, a seed winch is very largely 
sown for four to eight years leys, never justified itself 
from commercial seed in many of our grass-land dis- 
tricts, It does so in a few localities on very fertile 
soils. Meadow Foxtail, a most valuable plant, very 
seldom, if ever, establishes itself from romraerciat 
seed to any extent, even on soils which have been 
regarded as eminently suitable to this plant. 1 have 
seen fields adjoining each other whttre the one, an 
old permanent meadow, was full of Meadow Fox- 
tail, whilst the adjoining ley, over six yeans down, 
although this seed was included largely in the mix- 
ture, contained but little or no Foxtail herbage. 1 
have, moreover, met otses where a ley in its first year 
was full of Rough-stalked Meadow Grass, although 
not an ounce of the seed had been sown. Cocksfoot, 
however, is a plant which will not establish Itself at 
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all quickly unless the seed is included in the mixture 
in the first instance, although after a lapse of a num- 
ber of years it will, if then introduced, even in the 
smallest amount, overrun fields that are continually 
used as meadows. 

The foregoing facts should tttach a very int|><)rtenf 
lesson, namely, in drawing up a mixture it is im- 
portant to make a dost; study of the older pasture.^ of 
a district, in order to ascertain what are the valuable 
herbage plants that chiefly contribute to the sward- 
This will form a basis of plants that it is desirable 
to introduce, plants which may be regarded as being 
locally indigenous. As I have already pointed out, 
however, it by no means follows that sowing the com- 
mercial .seed of these species will prmiuce the de.sired 
results. 

We have two facts to direct our further e.nquiries, 
namely, the proved success of Wild White Clover 
and that in many districts the seed of Chilian Red 
Clover produces tender plants of short duration. 

It seems evident, therefore, that in the ca.se of the 
vast majority of our herbage plants something more 
than the selection of species as such Is desired, and 
that the place of origin of the seed is al.so imjmr- 
tant; but is this place of origin a simple factor or 
is it interwoven with the diflicutt question of siil)- 
specics and sub-varietic.s? That it is not a simple 
factor is .suggested by a numl«*r of consideration.^ — 
for instance, by the difference btitween (’tKiksfool 
obtained from New Zealand and fronn Denmark. 
Profe.ssor Gilchrist has .shown that New ZeafatitJ 
Ctwksfoot produces a bigger and mom bulky plant, 
than the seed fniin Denmark, a plant therefore more 
suitable for temporary leys, and observations I have 
made in Staffordshire tend toasnffrtn this, For my 
own pan, I am driven to the conclusion that we shall 
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have to recognize something akin to ‘‘habit races 
the higher plants, for I think that, as our studf 
grass-land becomes more thorough, we shall find ^ 
local indigenous varieties exist — varieties that d 
morphological separation — unless, indeed, a s/* 
matic study of minute differences in internal 
phology may reveal characters capable of recognit** 

It is evident, at all events, that certain species * 
locally strongly indigenous, and that these vari# 
are endowed with properties that make them far 
successful colonizers each in its own special loca^ 
than are the plants from seeds obtained from * 
ordinary commercial sources. 

The foregoing considerations open up a wide 
in this country, an almost totally unexplored field ^ 
research, namely, the building up of persistent 
genous and withal productive herbage plants. T 
problem is more involved than is that of selecting 
breeding arable-land plants, for in that case we M 
at most concerned with biennials, and but few cro^i 
are in agriculture treated as biennials. Advef 
climatic conditions can be got over to a large ext^ 
in the case of annuals, or functioning annuals, I 
producing rapidly-maturing strains which comple 
their life-circle during the period of most favourati 
conditions. Thus, when perfecting wheat, mangel 
or sugar beet, you may intensify the characters yC 
desire, and, without knowing it, carry along deficici 
cies which would make your new variety incapable ^ 
surviving had it to reproduce or maintain itself undi 
conditions of competition such as our four-year-pe 
sisting herbage plants most successfully contend witl 

It is probable, therefore, that the first step to fe 
taken in building up improved strains of herbag 
plants is a detailed study of indigenous species frcit 
an essentially local standpoint; the essence of tli 
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problem being" to graft on to a persistent stock capable 
of rapid colonizaticm those all-important agricultural 
characters of nutritiousne.s.s and bulk. Befont this 
can be done, and before we can employ Mendelian 
methods or adopt the more correct and accurate* plans 
of selection, we must know a great deal more about 
our indigenous plants, and, if possible, he in a position 
to fasten on to definite characters to work from. 

I have, in this connection, been much struck with 
the wealth of leguminous herbs always met with on 
heathy pastures near the sea; it is not only the 
Leguminosa.*, however, that colonizt* these heaths, 
and which rapidly gain a footing on land put away 
to artificial grass— Crested Dog’s-tail, Rough-stalked 
Meadow Grass, and a dwarf and persistent form of 
perennial R.ye-grass are 4K|ually charac:tf*ristic of such 
areas. It is a question then whf*ther these plants are 
definite varieties (if only biologic), and if they would 
not form peculiarly good stocks upon which to build. 
It is most desirable to ascertain the trueness to type 
of these persistemt plants. Seed should ta* collerted 
from selected species from such heaths and the pro- 
duce sown in widelv different habitats and comparerl 
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ticular strain in the generation immediately following; 
thus Chilian clover seed tends to produce plants which 
make very rapid early growth, even when sown in 
Britain; and it is widely held that certain strains of 
Red Clover grown near the sea in England produce 
exceptionally vigorous plants, even when the seed so 
harvested is sown inland. It is not at all unlikely, 
therefore, or unscientific, to suppose that seed for 
different purposes should be harvested in different 
localities, and I think this assumption is not opposed 
to modern Mendelian teaching, for Mendelian charac- 
ters are in many cases ‘‘strong potentialities'’ rather 
than absolute characters. For instance, you breed a* 
Sugar Beet with a strong potentiality in favour of 
a high sugar content — the amount of sugar will to 
some extent depend upon the conditions of soil and 
climate; and if the potentiality for earliness is affected 
by the conditions under which a parent seed matured 
and was harvested, I cannot see why other potentiali- 
ties, for instance the potentiality for rapid colonization 
in herbage plants, should not be similarly affected. 

It must not be thought, because I have been so 
insistent on indigenous plants, that I would, therefore, 
deem locally exotic or even truly exotic species value- 
less for the ley. The success of Chicory on lime- 
less soils in districts where this plant is never found 
wild shows how useful locally exotic plants may be, 
while the value of Lucerne in many districts exem- 
plifies the importance of exotic herbage plants. It is 
interesting to note, however, that when plants other 
than those which are locally indigenous are used in 
temporary leys, it is nearly always necessary to sow 
in considerable amounts, in order that they may 
rapidly establish themselves. 

Careful trials should always be conducted on a 
small scale with plants exotic to a locality before th^y 
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are* ri*liitd upon fc^r sward furmation ; and^ although 
wt* an* iiiKhiiibtedly di'piaident on indigenous varieties 
(improvrd if possible) for raj>id sward formation, no 
laidravinir should be sparetl ti> luuH the world for 
iintri«*ci s[>ecjt*s or varieties to add nutritious bulk to 
tile herbage, or for tire purpose of crossing with our 
loc'al sprc'ies or vark^ties* One genus in particular, 
I liiink, holds out r.onsiderable promist*, and that is 
the gefins Vicia* We have, of coursig a . number of 
pereiiiiial Vicias in our own flora— F. Cmcca being 
noi at all an uiiroininon plant on some types of grass- 
laiicL On itie tainiineni and in America, moreover, 
fliere are several species of Vetch other than F. saiwa 
iisecl in agritttiliiire. iMfhytm is aitotlier promising 
genus for investigation, iKith L, pratemis and L. 
mmiimm txdrig useful indigenous herbage plants. 
Alieriliori slioislcl not, lu*wever, be confined to the 
Graiiiinea* and I.rgumincisie alone, but oth«*r natural 
cirders %vhicli coniribiite 10 the flora on old and semi- 
natiiral gras:s-liiiids should \ni made to yield new and 
ittifiroveil strains erf plants. The Rush and Daisy 
fitmtiics ifnfiiediulrly suggest themselves- It is per- 
haps iicii gcfiefally known that the Juncm Gemrdi on 
sail miirsiies, /. mrikutmiMS on wet |msturei, and even 
J. sfmMrrmm cin rtioyrttain pastures are readily eaten 
by sioi^k \ wtiilsi, lurfiing to the Coinposit®, Chicory 
and %*arrow are f»siure pfiints of proved merit A 
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poorest sandy soils when; almost l■vt■rythilljl4 else fails. 
I have seen large flock.s of sheiip on fields Mnvu with 
Rib-grass doing excellently in dry parched M*as«>ns 
when adjoining fields have htu'ii almost ilcvoid t)f 
herbage. Rib - grass, however, does not protiucc 
enough leaf in proportion to its hard llowcTing stems, 
and it also produces excessive atnoiints of se*'d, neither 
seed nor stems being eaten by st(K:k. Canmil these 
defects be bred out of Rib-grass? 

I now come to the last jKiint that I wish to tiispuss 
in connection with the relative value of .a ley and old 
permanent grass, and that is the rival tnerits of the 
hay. Meadow hay is held in high esteem by f.irmers, 
especially for animals doing hard work «»r in illness. 
The value of meadow hay uiidouhtedly turns upon its 
complexity. It consists of the herbage from innumer- 
able species, some of which will be more mature than 
others at the time of cutting, and all of which will 
have different coefficients of digestibility and nutritive 
value. The bulk will, theref(»re, form a more or less 
blended and well-balanced ration, Ireing, as it is, the 
product of metabolic prrtcesses in various stages of 
completion, as well as of a number of sjuu-ies with 
inherently different ultimate chemical properties. 
Meadow hay is, in short, the “ bread-and-lmlier'' of 
feeding-stufis; it has excellent fisidnig vtilm*. Hxcess 
of the one can be given to an animal ioid escess of 
the other to a child, and neither ehiUI imr animal 
can do Itself much harm. Roth feeiling-stuffs are its 
fact “fool proof", and require no great skill or htunv- 
ledge in their use. 

Ley, or Seeds Hay as it is generally ciilh tl, is in 
practice far from well balanced, the clovers making 
it excessively nitrogenous relative to meadow hay, 
and the number of gramineous sptfi ies is generally 
few. It has themfore, in the economy of the farm, to 
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bi* balanced with other and appropriate 
wliicii implies both the possession of theotlier fetsling- 
stiifls lificJ a proper knowledgf^ of tlieir composition. 
Ill limes of shortage, tiierefore, the best-informed 
fiirmer in the world may find himself in grave dilTi- 
coliies iinlesH he has suppliiss of meadow Iiay to draw 
«pon. With a little more kn<nvledg«i itsliould, how- 
ever, be easy to produce the absolute c!quivalent 
of meadow hay from a young ley. For grasses and 
clovers produce new and fresh herbage every year, be 
the individual piaiiis two years old or twe^nty ye;ars 
old. It should iliercfore only be a matter of decrfsis- 
ing the clovers (tvhich can always be done on ctertiiin 
fields) and establishing a sufiieiently heterogeneous 
herbage on yinir ley, and it is largely for this reason 
lhal we want to inircaiiice strains of Meadow Fitstme, 
Meadow loixtiiil, and oilier grasses capiibli? of rapidly 
estiiblishing liiemselves. There is, however^ little 
or no acciifiiyiiiied knowledge ns to the relative di- 
geslifiiliiy and j>alatat>ilit.y of herbage plants, and 
mi* kficiw til a marked degree what simple 
feecling-stiifli are com piemen tmry to each other, so 
we wiifii to knew what herb«age plants are comple- 
nieiifary to rarh oihen 

I will now conciodr my lecture by referring in a 
litlle mmr tleliiil i« the practieiil side of fiirmmg on 

rr that the real stLyiiifi- 
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to the average rainfall, would at any particular time 
be under productive leys, which leys would move 
about in an ordered sequence over the whole farm. 
The rotation would be very elastic, the guiding 
principle being to break up all the leys while they 
were still fertile and full of cloven It is important 
in this connection to realize that in many districts 
fields can be successfully re-seeded down to grass 
immediately they are broken, and without being put 
through a rotation in the t>Id sense of the wi>rd. I 
was, in conjunction with my friend Mr* Stanley M* 
Bligh of Cihnery, Builth Wells, engaged with experi- 
ments on these lines when the war broke out, and it 
was found that seeds mixtures could be put down 
with excellent results on a newly-ploughed turf under 
a crop like rape, or under a single corn crop* It 
is also a fact that the number of arable emp^i that 
succeed to perfection on a newly-ploughed turf is by 
no means limited- For, as well m oats, the fxiialo, 
and frequently wheat, we have neglected crops like 
linseed and rye, forage crops, sucli as rape, and even 
roots; for instance, the yellow turnip ofien produces 


is probably the greatest difficulty to be cciiitefided 
with, but it is doubtful if wire-worm is as bud after 
short-ley turf as after older turf; and, lii any eveiil, 
agricultural science is likely soon to ritif superior to 

the wire-worm. 

Whatever view may be taken by competent agri- 
cultural reformers as to the rival mcrite of arable and 
d 
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national interest for farmers at home chiefly to concen- 
trate upon producing" a few years hence, and still less 
what the country’s needs may be a decade or a 
generation later. The nation that can devise a system 
of agriculture, therefore, that can be rapidly made 
chiefly subservient to any sudden and unforeseen or 
unforeseeable need, without at the same time disorgan- 
izing the industry, is the nation which will achieve 
permanent and lasting security against food shortage. 
Our old and inelastic system of farming, on the basis 
of orthodox arable rotations which were deemed to be 
the corner-stone of good farming and inviolate, and 
milk and beef production on permanent grass-land, 
has broken down under the dire necessities of the 
times. 

At present systems of farming may almost be said 
to be in abeyance, but the future of agriculture largely 
depends upon the evolution of new, and, as I have 
said, more flexible systems. It is to be hoped, there- 
fore, that agricultural science will devote more and 
more attention to the broader aspects of farming, in 
order to be in a position to give the cultivator a 
definite lead in the matter of making the best possible 
practical use of the results of recent researches on the 
problems that underlie production. It is obvious 
that, as our knowledge of these problems advances, 
rotations and systems of farming evolved without the 
aid of exact science must be replaced by systems per- 
haps as fundamentally different from the old as are 
modern methods of locomotion from those of our 
grandfathers. 

^ R. G. S. 




SPRAYING PROBLEMS 

Why han tht* tjtiestifm of .spraying become of such 
prominence UMlay {hat it is mimberecl among the 
biological %var problems to be di.scus.secl in thi.s series 
of lectures? Spraying, as everyone knows, especially 
when contluctetl on a national scale, entails a demand 
fur supfilies supplies of machines, chemicals, labour, 
fvT., at a lime when the nation needs to economize- — 
why, then, doi*s the prtKiuction of thes<» things come 
under the category of the essential war industrie.s? 
.Since t!ie natifjn was as w-hofly unprepared for - ex- 
Umsive spraying as it was for the infinitely larger 
.schemes of conscription and f(M>d rationing, the reason 
must l>e a sound one, 

I’lie answer is readily given: spraying is, in the 
first instance, an imjiortant mean<s of obtaining an 
increased poaludion of ftMKl, and, in the second place, 
it greatly assists to economize our produce. 

Spraying is a means of attack used in the war 
against [tests of animals and plants. These pests are 
numerous, anti attack nearly every kind of plant, but 
their ravages naturally ftecome most .serious where 
[jlanls i»f ttne kind are aggregatt^d, as in the casts of 
crops Jifid oreftards, since here the imnditions are 
mcjsl f;tvt»«rat»le ftir epidemics. These pests, in their 
quest for fmsl, often cause immentw damage, and 
through their persistent and reiteated raids tlie culti- 
vation of certain economic plants in several Instances 
has been abandoned. 
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A classic example is that afforded by the ruin of 
the coffee industry in Dominica and Ceylon. 

In 1841 78,685 acres were under cultivation for 
coffee in Ceylon. Ft;om 1855-82 coffee was the staph; 
export industry of the colony, reaching the maximum 
in 1875, when almost 1,000,000 hundredweight of 
coffee, valued at over 000, 000 sterling, was t;x- 

ported. About 1870 the plants began to bt; noticeably 
attacked by a fungus, Hemileia vastatrix, the coffee- 
leaf disease, which spread steadily and irresistibly 
over the vast sheet of coffee plantations in the moun- 
tains, and was disregarded until too late. By 1880 
the industry was threatened and the planters in great 
distress; it soon collapsed utterly. Not only did 
this react on the customs and rail receipts, but in- 
directly it ruined more or less sub.sidiary indii.strie.s 
which depend on planting, and impoverished thou- 
sands of natives of all cla.sses, as well as the planters 
and the mercantile community of Colombo, who are 
mainly dependent on the trade created by the plant- 
ing industry. Ceylon has now ceased to be a coffee- 
exporting country. Some years previously the coffee 
industry in Dominica had been wiped out by this 
disease. 

In a national emergency we can deal only with 
the most insistent and troublesome pests injurious to 
the production of vital economic products. I )uriiig the 
war two plagues of vegetable life have come into pro- 
minence through the destruction cau.sed to footl. h'irst, 
the plague of caterpillars and other insect pests tvhicb 
for two years in succession has caused havot; in the 
fruit-farm and orchard, and, second, the dreaded blight 
of potatoes which followed the introduclion of thr; 
potato plant to Britain by some three hundred years. 

The first serious onslaught of this disease, which 
swept over Europe with dramatic suddenness, lias 
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kft a jjrim page in the history of these islands. In 
1H45 Sir Robert Peel received an account in Augu.st 
of an extraordinary appearance of the potato crop in 
the Isle of Wijfht; the.se sifjns were soon observed 
throuf.jhout tin* south-eastern counties. The crops 
were almost entirely tlestroyed. Alarming accounts 
w(‘re received from Ireland, where the potato was 
almo.st the chief article of food and the mean.s of 
1 obtaininff other food. I)r. I/mdley and Dr. Playfair 

were sent to Ireland to investigate the malady. 
Indian corn to the value of ;^i,ooo,ooo sterling was 
.sent to alleviate the distre.ss, without avail. The great 
{wtato failure of 1846 brought in its train ruin, star- 
vation, and death to many thou.sands. It has been 
dest!rib«,‘d a.s one of the greate.Ht calamities which ever 
afflicted the human race. 

Through the allotment movement of 1917 the men 
and women of Britain became amateur gardeners and 
cultivators of the j»otato. The present year brings 
with it the prosfject of an extensive use of potato flour, 
'fhe production of 6,tjoo,cxx> tons of potatws is aimed 
at. The ri.sk of serious loss throtigh an epidemic 
of potato blight is correspondingly increa.sed at a 
time when we cannot afTord to take risks, at a time 
when it Ls imperative to reach high-water mark in 
ft>od production. 

The methods adoipted in fighting plant pestilences 
{ are somewhat analogous to those us^ in actual war. 

> i .... .t .... • ... t.. « . ... .... * . . 
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half-grown scale, the spraying compound must con- 
tain an ingredient capable of dissolving the wax 
which cements the scale to the leaf. Once the defen- 
sive armour is penetrated, the spray poisons or as- 
phyxiates, as the case may be. 

Caterpillars, when migrating, are stopper! by a 
trench, which may be made impassable. Otherwise, 
soil insects, being underground, cannot l«? rear he*d by 
“shell-fire”, but must be ga.ssed by injecting or 
mixing with the .soil some substance .such as carbon 
bisulphide or naphthaline. Beetle- borers, in their 
labyrinthine “dug-outs", may be attacked by spray- 
ing with a compound which gives rise U) an as- 
phyxiating gas, and ga.s masks have to be worn by 
those who apply the spray -as in spraying the roof of 
Westminster Hall. Certain insects, such :m conifer- 
feeding .sawflies, cannot, a.s a rule, Im; touched by 
sprays; these may perhaps be ctrntrolled by winged 
parasites — aeroplanes 1 

Consider first of all the rernedie.s to he employed — 
our munitions, as it were, in this mimic warfare. 

At a time like the pre.sent it is be.st to choosa* certain 




some pests: lime-sulphur winter washe.s for fruit 
trees to check fungi or insects awakening from winter 
sleep; mixtures containing lead chromate or tend 
arsenate in spring to protect fruit trees from green- 
fly and caterpillars; and an efficient fungicide. Ctira- 


infestans, known in 1845 under the name of thtrytis 
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zoospores liberated therefrom germinate on the leaf; 
the germ tube enters a stoma and a fine weft of 
mycelium adpressed to the cells grows into the air 
spaces and absorbs notirishment from them. With- 
in forty-eight hours aerial spore-hearing threads grow 
out from this internal spawn-weft, branch sparingly, 
and bear conidia at the tips of the branches. The 
conidia s<M>n tecome detached, and are capable of in- 
fecting neighbouring leaves or plants. Since myriads 
of these cdnidia art? formed on each diseased spot, the 
chance of infection is great, and when conditions are 
favourable it is easy to understand how rapidly the 
epidemic spreads. As if touched by .some magician’.s 
wand, the aspect of the whole ctnintry-side change.s 
from green to brown and black, and within ten days, 
in severe cases, there is nothing left but a waste of 
rotting vegetation. If the disea.se run its course the 
haulm perishes, and from that time forth tuber de- 
velopment is arrested. In the Kingsbridge and Barn- 
staple districts of Devonshire the haulm in early, 
mid-season, and late varieties was dead before the 
end of July, 1917, rendering a serious loss in the yield 
inevitable. If we can prevent this los.s, which exceed.s, 
on an average, 2 tons per acre, in disease-prevalent 
areas we have increased food production, or, if a 
certain tonnage of potatoes were required, there would 
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lardet took the matter up, and published results in 
1886. About a year later mixtures were <ievised 
wherein washin^j-soda was used instead of lime. The 
use of the.se washes rapidly spread throughout Kurope, 
and they .soon bi‘came recognized as fungicidal reme- 
dies of th^utmo.st value. No time was lost in adtrpt- 
ing Bordeaux mixture to combat potato blight, and 
later it was used again.st variou.s fungal jM*.sts of 
fruit trees in the United States, Canada. Australia, 
and elsewhere. 

Burgundy mixture i.s now more generally u.sed, 
since it can be made of more con.stant com{ioMilion, 
and free from gritty partitde.s, which choke the nozzle 
and exert a wearing effect ott tlte working jiarts of the 
spraying machine. 

Burgundy mixture i.s producet! by the interaction of 
copper sulphate and wa.shing-sixla, and only .standard 
chemical.s of guaranteed purity should be used. Copjjer 
sulphate is a virulent plant poison, so much m that a 
t-per-cent .solution is used for charl(K;k-kilIing, and 
a i-per-cent solution of this .sort alone would prove 
deadly to the potato. The copper sulphate is just 


proportions of their molecular weights, but it is better 
to use an excess of soda to obviate the risk of obtain- 
ing free copper sulphate. 

TTte pr^uct of the reaction, copper carbonate, 
varies in physical qualitie.s according to conditions; 
for example, in adhesiveness, specific gravity, and 
texture. The best results are obtained when the 
chemicals are mixed in cold solution, forming a more 
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The role of Burgundy mixture is roughly analogous 
to the use of a .shrapnel screen put up to prevent 
hostile aeroplane.s from reaching the metropolis. The 
barrage protects London: so the chemical “ barrage” 
protect.s tlie potato plant. 

The copper carbonate, or Burgundy mixture, is 
insoluble in water and non-poi.sonous to plant life. 
When once allowed to dry*on, the heaviest rains will 
not remove the deposit. To return to our ilIu.stration, 
the more perfect the barrage the Ies.s chance there is 
that the hostile machines will reach London. Again, 
it is useless putting up the barrage after the machines 
have reachixil their destination. So with Burgundy 
mixture, if the plant i.s to lie thoroughly protected, it 
must Ije efficiently covered, and covered before the 
blight makes its apfxsirance. 

The question naturally arise.s: How doe.s thi.s non- 
jKii.sonous coat prevent or kill the germ.s of potato 
blight? Barker ha.s found that the fungus in ger- 
minating excretes a vegetable acid which reacts with 
the chemical film to produce a soluble .salt of copper; 
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bourhood of cities, where, incidentally, the condt^*"^^ 
are prejudicial to the health of the plant. Ever^3^^^ 
who has visited the Chelsea Physic Garden at y 
weeks after the young growth has unfolded in 
will have noticed a fine black carbonaceous film 
ing the foliage. The yellowing of the potatoes 
in front of Buckingham Palace, which had commet*^ 
before the spraying operation in July, was attril^^J 
in part to the petrol fumes and exhaust products 
charged from the numerous motor- vehicles pa 3 ^^* 
within a few yards of the potato plots. 

The injury caused to plants by aphides is 
emphasized by spraying. Perhaps soluble coppc-** 
formed through the action of the saliva or excrenn**^ 
and this may penetrate the epidermal and subjBt^-*^^ 
tissues through the punctures made by the 
proboscis. It must be remembered, however, 
unsprayed plants attacked by aphides will frequent 
succumb after a few days’ heavy rain. 

Some curious cases of injury through spraj^it 
were reported by the Lancashire County Cacsn« 
authorities in 1914. It was thought that certain 
ditions which tend to check vigorous growth pr€^cii 
pose the plants to spraying injury. 

The whole question is very obscure. It sfiOM 
be studied experimentally by trials conducted in tl 
neighbourhood of factories, on sites where aphides il 
prevalent, and on farms where the effect of spray if 
under diverse conditions could be carefully inv«» 
gated. 

Burgundy mixture should be regarded in the li^ 
of an invention which needs to be perfected, ju»t . 
we may improve and refine other articles of cot 
merce, aiming at securing increased econorny 
chemicals, labour, and cost, without in any wi 
impairing the fungicidal power. 
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Economy of labour be effected if we could 

devise a s[>ray ready for use, thus obviating the pro- 
cess of mixing ingredients. Several commercial ready- 
made spraying compounds have been invented which 
are said to fulfil this requirement, but none equal in 
eJliriency freshly - prepared Burgundy or Bordeaux, 
since they do n*)t retain the valuable adhesive proper- 
ties which are obtained when these mixtures are freshly 
prepared. When used as a dry spray in di.stricts where 
dis«‘ase is habitual and severt;, more spraying.s appear 
to be necessary in order to prcxluce the same fungi- 
cidal result as that obtained when using Burgundy. 
Hence the advantage gained through using a .single 
compound is lo.st, and an adverse balance remain.s 
through the labour and time involved in increasing 
till? numb(?r of .spraying operation.s. 

Commercial efforts have been made to supply Bur- 
gundy mixture |>rep.ared a.s a .single powder, but such 
powders contain a substitute for washing-soda; actual 
mixtHrt?.s of copper sulphate? and w{ushing-.soda have 
not yet proved satisfactory, since the mixture tend.s to 
deteriorate. 

Copper .sulphate of 9^>per-cent purity can now bt; 
obtained in powdt?r form. Thi.s preparation .should 
supersede tht? old bluestone crystals, owing to the 
rapidity with which the ptnvder dissolves in cold 
water. If we <?(}uid find an ef!ieit?nt substitute for 
washing- smla—and several sub.stitute.s have been 
sugge.s!ed -either in the form of a powder or small 
crystals that would not react either phy.sically or 
chemically with the other rhetnical ingr^ients, the 
problem of a one-powder Burgundy mixture would 
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combating mildew, and usually with little success. 
This is not surprising, since the liquid possesses a 
low wetting power, and when applied to plants with 
shiny foliage, such ais Wichuraiana roses, or covered 
with a waxy coat, as in the case of carnations, it rolls 
off in droplets. Moreover, owing to the physical 
characters of the felt-like mycelial skin formed on the 
plants by such fungi as the Amt.'rican gwseterry 
mildew and rose mildew, the mixture dfwjs not ivet 
the fungus, and hence doe.s not pentstrate nor kill. 
But add a soap, and the efficiency is at once increased 
through the improved wetting power. Soapy mix- 
tures in which the amount of liver of suljdiur is 
reduced to i ounce per gallon have given results 
equal to those obtained when using a |-<>unce-per- 
gallon solution in water. The wetting power of 
Burgundy mixture can be considerably increased by 
adding milk or .soap powder. One-quarter and one- 
half per cent .soap-Burgundy will not only prevent 
the apfMsarance of the American goo.seberry mildew, 
but kill the perithecia without bringing aljout the de- 
foliation caused by using .stronger solutions. If we 
can I 

sideraoie economy in cnemtcais is eiiecteti; again.st 
the economy in chemicals must b«? set the cost of the 
soap, but it .should not be difficult to find an inexpen- 
sive soap, which would bring down the cost of the 
mixture. 

Burgundy mixture can be modified to suit different 
needs. A 2-per-cent solution once applied in hVIj- 
ruary will prevent peach-leaf cur! due to Exmxcm 
deformans % a i-per-cent solution will slop leaf-siM>t 


lacto-Burgundy will check carnation rust; a I-per- 
cent soap-Burgundy will prevent delphinium mildew 
without disfiguring the flowem. Other special mix- 
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tures are suitable fur apples and pears against scab 
and appk;-fruit spot. In Burgundy mixture we have 
a remedy capable of almost universal application 
against fungal pists. 

Let us turn for a moment to the implements or 
artillery used in the war against fungus pests. Just 
as the xu;ro{)lam‘, from the simple machine used by 
the immortal Blcriot, has assumed astonishing de- 
velopment and specialization, so from such humble 
beginnings as the heather brooms used by the pea- 
sants in Ireland, and from various simple syringes, 
machines of a nwst complicatt'd charxicter have been 
ev(»!ve!d and adapted to suit the special needs of the 
agricultural .and horticultural sections of the com- 
munity. 

In the early dxtys of hop-washing, mfichines of the 
hand and knapsttek tyja; were the only ones used in 
hops, but as the blights became more .severe, and 
there was danger of hjsing the greiater part of a crop 
unle.ss washing were earried out quickly and expedi- 
tiously, the hocse-drawn automatic spraying machine 
was evolved. 

This machine consisted of a tank on wheels with 
the pumps driven from the axle, and the wa.sh was 
delivered under pressure to the nozzles .situated round 
the machine and directed so as to wet completely 
everything around it as it was drawn along the hop 
alleys. 

Hop-washing machines were strongly o^nstructed, 
and were filled with pumps capable of delivering the 
spray at it fairly high pressure. 

The experience gained in hop-washing proved of 
considerable advantage when fruit-tree spraying came 
into practice, as the machines were at once able to 
spray successfully the fruit tr^, getting through to 
liie under sides of the leaves in all parts of die trees. 
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j Atout this time, too, as spraying- requirements be- 

I came more general, power -driven spraying outfits 

I were designed for spraying over large areas from 

a central mixing station. These plants, besides the 
necessary engine and pumps and mixing plant, 

: required the laying of some miles of piping and 

involved the outlay of some thousands of pounds. 

These outfits, of course, required the use of still 
4 stronger pumps, as a pressure of 200 to 300 pounds 

J was necessary to ensure the requisite pressure of 

about 100 pounds at the point of delivery, the 
' nozzle. 

A further development occurred a little later, when 
ji the horse-drawn, hop-washing machines were fitted 

I with motor engines for driving the pumps, whilst one 

I or two horses drew the machine along. 

I These machines have now been introduced for use 

I in young orchards, the waste of spraying mixture 

I between the trees being more than compensated for 

I by the great saving of time and the resulting ability 

I of the grower to combat quickly any attack of pest. 

One of the principal developments in spraying has, 
however, been in the nozzle. In the early days the 
usual thing was to drill a fine hole or two in a pipe or 
nozzle end, and this was constantly choking up; in 
fruit-tree spraying a very much finer spray was 
required, while it was necessary, owing to the varying 
kinds of spray fluids to be used, to have a compara- 
tively large aperture in the nozzle, so that everything 
which would pass the strainer would come out of the 
nozzle. Nozzles were consequently constructed so as 
to impart a rotary motion to the fluid, and with a 
simple means for controlling the proportion of rotaiy 
to direct action, nozzles were produced which could 
te set to give any character of spray to suit all kinds 
of r^uirements. The nozzles now produced are as 
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near perfection as possible with one exception, and 
that is, that all of them give oflf a circular ring of 
spray and leave the centre untouched, so that ir is yet 
open for someone to construct a nozzle which will 
also hit the centre and give an even coating over the 
area at which the spray is directed. 

Many new developments of the spraying machine 
are foreshadowed, and possibly one of the first types 
to appear in the near future, now that motor tractors 
have been generally adapted, will he a tractor sprayer. 

The tractor sprayer will consist of pumps and tank 
mounted together on a light motor having suitable 
travelling wheels, the pumps being driven from the 
engine and the tank fitted with an automatic agitator 
to Keep the mixture well stirred. This machine could 
be fitted with a set of delivery pipes somewhat like 
the present hop-washer, so that the trees or plants 
could be sprayed as it travels along between the rows, 
or the same machine could be used in connection 
with several short lengths of hose with branches and 
nozzles for hand-spraying purposes, the machine 
being driven from tree to tree as each is thoroughly 
sprayed. 

For potato spraying it is quite likely that some form 
of motor will be evolved if the difficulty of steering 
can be properly overcome. With such a machine it 
would be possible to deal with a much larger acreage 
in the same time. 

Let us refer to the potato disease once more, to sec 
why it is necessary to spray universally. After the 
disease had attack^ the foliage, the old story was that 
the fungus passed down the haulm and reach^ the 
growing tubers. This view is proved to be incorrect. 
The myriads of spores formed on the foliage are 
scattered by the wind not only on the neighbouring 
plants but on the ground. Should there chance to be 
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iMt III hymmrr or in early autufflii, 
^v\Urr^ the coiinty or M-ahon, conidia are washed 
fhr the mmI to the surface of tlir tubers, 
^iut ^ jn p^’e’iraie the skin, just as they can the ^rren 
4^wl bfing disease. In this way there is a 
hifitivi I fss f-i the cfiip through diseasts It %\as said 
tiTr.f> Iasi year that diseased fxitatoes do ric')! 
ni4ltrr. ihf\ i an lie used to feed pigs, fe 1845 
iliseast-a were used lor potato flour, but the 

i|uantitv firldrcl by the diseased potalot^s is less than 
laifti siiar.d isitatoes, although the quality diwes nc^ 
appear to stiflrr— the flour is a little darker in colour 
in no degrt^ unwholesoine, A I a time like the 
fMeseiit nr m’anil the utmost return from our efforts: 
fni'iii figares published by the C^ommissiofi for 
tbt Rriief of Belgium there is a difference between 
the ffiergy wcmtd from a pound of Kuropean and 
Aroericaii |i%iutt>rs in good condition, being 7B calories 
m fe¥t«jr of the European, a difference equivalent in 
cakiric value to the energy obtainable from an egg of 
fpediuiti siie. If this is the case, there would surely 
A OM^siderablf lc«s in energy from an equal weight 
erf pc^toes, and the filing value, even when 

iiSid kw p,gSt would be exceedingly low. From what 
mt fcate mki, it will ht that a man who has care- 
ful!? and ihmmgMf sprayoi may obtain disease 
shrtMigli the neglect erf his neighbour, or a careful 
«:iiT«ii,isify that ^ one careless one. The more 
itmmm ts prevent^ fiwi appearing the less risk there 
I* of icfious Ims. ITuit is why wt should aim at uni- 
vef»l ipmfmg, iprayinf the garden of the palace as 
■wtll as ii«t erf the humbteit «^tager. That is why, 
ia,« fw, prea-ier mmi p^r, ptothoider and f»asant, 
itioiilclerrd fefiaf»ack and learnt to spmy. 

In # cAnipaign mmy pitAfems confront one: bow are 
m l4i f%^ii all mxuom of ^ oonniniiiiitj, to provide 
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motor sprayers for the large farms, horse sprayers for 
the small; to help the smallholders and the thousands 
who had never sprayed at all? To rneei the emer- 
gency last year the Food Prixluction Deparimeni dis- 
i tributed 7ocx> knapsack sprayers and 40,000 cases of 

chemicals to public bodies and individuals- 

Many plans were devised on the spur of the moment; 
each hamlet, village, and town had a problem to 
^ solve; some* solved it remarkably well and others not 

at all. It wanted organization, forethought, and 
J skill. In some cases the villagers clubted together 

't to purchase their own material, and each mao sprayed 

1 his own; in others the squire or parish council or 

the allotment association made the provision of the 
I requisite implements and labour; in other cases 

borough councils provided the implements and made 
'i no charge for labour. To-day and lo-morrow we 

must aim at economy in material and labour. In the 
main two systems emerge: the co-operative system, 
j where individuals tend together, take the initiative, 

and share the expense; and communal, where every- 
thing is done for the community and a charge placa^ 
on the local funds. 

I The greatest ho^pe for the progress of the spraying 

I movement among allotment holders and smallholders 

I genemliy i^ms to be in the development of oom- 

I munal spraying. This might be carried out in the 

^ future by a motor equipment. Just as a municipality 

pc^sess^ a fire^tadon and every appliance for com- 
bating fire, county a>uncils or municipal authorities 
I roight er«:t a central mixing-station where barrels 

of Burgundy mixture could be preimmi, and the» 
and the ii«^^.ry sprayers taken to the different allol- 
inent grounds, allc^ted are^, or &.niis— die equipment 
tel te employed for, bush^iruit and small fruit trees for 
toh summer and winter spraying. Sp^ial outf is 
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!>• for lar^r <m’'hard!^ and (*w ollifT par- 

|v III !«lfj Im'al •^q.orrmrnts. 

In M 4 4tti|Mi.gn It IS imi^inaol to know the di^posi- 
firm ^ii fhr enrm%\ habits, fBtweiine.iilSi ^c,; so in a 


ramp.4ti^n against disease we shoyld |)OSsess full 
kfi*r-4, '--dgr i>t the iirgaoisiiis inflyencini^ the ap^ar- 
anrr and spread of an epidemic and the conditions 
It. Malaria could not bt* rontmlli^ until 
yndrr%f^s.id that the mosq-yito acted as a carrier, nor 
isohotd tiniil we had disim^ered the different tjpes of 
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town, f3umfries, and Ayr— in July, and there a 
record which gives the first week in August for the 
Island of Islay ( Hebrides). The records for Argyll, 
Linlithgow^ Renfrew’, and Life— counties to the north 
or north-east— are not earlier than the middle or end 
of August. In Perthshire, farther north, and Had» 
dington, to the east, disease is not recorded earlier 
than September, whilst it is stated to he unkmywm 
in Inverness, Aberdeen, Elgin and 3Ioray, and 
Caithness. 

The course taken by the epidemic in England is 
perhaps determined to a certain extent by the mme- 
what zigzag valleys of the Wye, Severn, Trent, 
Welland, Great Ouse, and Thames, which radiate 
in fan-wise direction towards the east, north-east, 
and north when viewed from the Severn estuary. 
These valleys, subject to mists and fog, would prove 
ideal channels along which the disease, helped by 
prevailing southerly and south-westerly winds, could 
spread over the country-side. 

It has to be rememl^red that the direction of 
development east and west also corresponds to pro- 
gressive seasonal lateness. The fact that there is 
an interval tetweeo the attack on early and late 
varieties seems to indicate a period in the life-cycle 
when the plant is more susceptible to the di«ase. 
If this were the case disease would appear progres- 
sively later from the ^uth-west and west to the 
eastern and northern counties. 

If an outbreak of dl^Lse occurs in the pre^nt year, 
it may te expcct«i to take the same general c»ur»; 
but its date of appearance and degree of j^verity may 
vary wnsiderably. For example, in 1917 disease 
was €om:|»»tively light in the counties of Cheshire 
and 'Lancashire, and did not make iu appearance 
until end of the IhiM in August; in i%5 


,v. HiCiUKjICAL problems 

i; I'.irlirr .inti Ut a mure M*riou> extent in 

nr itnr firs. 

iiur-^ti^ms liAve tern iLskrti as to wfiether, if 
^fivra^r Ir a dm.M^e of middle age, we cannot 

hv a ch^ire of suitable varieties, or 
alf'fii fu^r such as late planting or pianting- 

r^fl-% laririirs only in districts where blight is lait% 
4nd Itra^ tidifig the plant over the probable time of 
jctiiili; or, again, whether certain methods of 
ffwnyrmg, certain soils, ^-c., render the plant less 
lsat)lr to attack* The experience of the last seventy 
}tMf% has shown that a suitable land, a happy sequence 
of wmllier conditions, correct manurial treatment, and 
gcmid rMlIfvationi ameliorate but cannot prevent the 
prMilefure; it may be because we can rarely hope to 
oliCiin ideal ccMidilions. Spraying has been adopted 
for these very reasons. The State requires immenise 
supplies, and to ineet the demand |x>mtoes must be 
g.n.>'wri wherever pcissibk. Since, however, we aim at 
mxmmnj of effort, evetything good husband-iy can 
slMMld be dam to r^uce the risk of di^ase. In 
coaaiderable alicntiofi was given to the €»n- 
iiliiMis d wealhcf, soil, »it Ircatmeng and suscepti- 
Itltly o# varieties in relation to the murrain, and veiy 
R»-»et#ms and tai Habit oteervations were made* To- 
iaft « we 'do, a more a«:uimte knowledge 

irf nwmpM^m m/isism, and equipped with an tlfi- 
cieal we sboiiH make an effort to mtth »iBe 

of lilt pfoWciBs which baffle the grower and react in 
Ifir end pftjiidk:iall|r on the p-racti.ee and pur^we of 

iffmyiif, 

various &mM te a.iiaiy«d by con- 

it^mi iiimertiijs irkls m fimns and al-toci-eits., 
i»l»ci4lly in ih€>se couniitt wrl^re is us-ma-lly 

tad br tests ia w-hei® 

the mtire twiiiiical ipcsiiiMs oimW be studW. 
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The method of outbreak and spread of the disease 
could be stodied by systematic observation, decidiiii;^ 
beforehand on the localities or actual sites to which 
special attention should te given. The trial stations 
and observation sites could linked together to form 
a system for England and AVales. which would take 
into account the most important hill and mountain 
systems, follow the coast-line and course of the more 
important river valleys and cross-tracts of land hav- 
ing any special soil characteristics. Thus in Cornwall 
attention could be given to the moorlands and inter- 
vening lowland, to the influence of the sea in the 
north-western, southern, and south-western 
the River Fal and its estuar}^; in Wales, where detailed 
rainfall maps have been prepared by the University 
authorities, the outbreak could be followed in relation 
to the rainfall; or the epidemic in a county like 
Montgomeryshire, where the soils are mainly clays, 
could be compared with the outbreak in Pembroke- 
shire, where the geological structure is extremely 
varied. 

Besides bringing home to the general public the 
advantages of spraying and the necessity of prwiuc- 
ing untainted crops, the economic advantage to the 
country would be considerable. Each county, and 
even district, could form its own spraying time-tabk, 
and know within certain limits when and how often 


to spray and with what strength of solution, and 
cotild organize its available sources of labour to the 


t^st pc^ible advantage. 








A. S. H. 


BIRDS AND INSECTS 
in Relation to Crops 


Among the mighty efforts now being made by the 
nation for the maintenance of our Empire in time of 
war the attempt to increase the prcduction of food 
is one that has engaged the serious attention of the 
legislaturCi and has made increasing demands npon 
our physical and scientific endeavours. 

The destruction of our food-supplies by the action 
of the enemy at sea has been met by the determioed 
r€^istanc€ of our Navy and our armed and unarmed 
merchantmen; but, unfortunately, the destruction of 
our f(K>d-^upp!ies by our eneinies at home — ^the birds 
and the insects — has not received the serious attention 
it deserves, nor has it been the subj^t of intense and 
co-ordinated scientific effort* 

If one calls to mind the damage caused to various 
food crops during the summer of 1917 by insect p«ts, 
such as the trire-wo-rm, the wheat bulb fly, thecabbage- 
r<M>t magged, the ooton and carrot fli^, and the eater- 
pi Hans of various sf^ies, it is probably no exaggem- 
tioa to mf that the insects alone destroyed more of 
our home-grown food than the submarine frf our 
eneinies destroyed of the food dial was to ccMiie to ms 
frcmi abremd* 

There asems to he an M&l that wl«ims the destnic- 
rf. ships at sea is an act of the enemy which can 
be ©jMintened by naval action, by guns by ^ells. 
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llif* fiWMi f rnps by birds and insets 

Ml, 4 frM. hi %Oiich Ihrre is no available counter- 
4 . tion ,fi f.f;r Kinds uf man. But although at ^the 
have no effective protection apinst 
iHf* T;! ^ ibe oip^st prevalent bird and insect 

^npderful results obtained by skilled 
jn%?'‘siti;aiion, f^rticiikrly in the United 
America and in Canada, encourage us t,o 
itiat it tvifi only bring to an end our long 
national neglect of science, the destruction of food 
CTop*^ bv oyr hofne-grcmm enemies may 1:^, to a very 
grrai extent, prevented. 

Of file lwo classes ot animals— the birds and the 
piovide the farmer with his principal 
cirsfms'ers, il might seem at fii^t sight that the former 
lie kepi m iheck the more readily by the direct 
ffi#*th4]d of artaw'k, that is to say, by shooting the birds 
and dfslrovifig their nests, and that the problem does 
mM present any insuperable difficulties. Some of our 
yrfs, such as the wood- pigeon and the sparrow, 
■wliich feed ilimasl entirely upon seeds and plants, are 
reganled m being wholly destructive; other birds, 
such as thf tits, fiy-catrhers, martins, and others, l^ing 
tfi:»"livcTO«s in habit, are regarded as w^holly bene- 
fcial. Every effort should be made, thercfon?, accord- 
i'ftf to prevaleiit %"iews, to destroy the wocxi-pigeoiis 
anil mpirrows, and to pre.»r%'e and foster the tits, fiy- 
cmtciiers, i»d rhe martins. But rnany of our most 
are known to be oiniiivorotis; they 
■*il| tele frail, tnd will destroy iwt-erops of 
wmriou,s kuids, but will also devour large numbci^ of 
the mm i^rakious insect pests, and in these cases it 
ftfcesstiT tB drtenmine by the evidence of 
Ihr fric^ they have actually swallom’-ed whether the 
they confer by the destruction of in^irts d«s 
Of dim ftot e.%€mi tim ^mi^e they do to the seeds 
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and crops. To deliver a true verdict on the evidence 
that may be collected as to the food of any one of the» 
omnivorous birds is by no means an easy mattery 
because the food varies in different months of the 
year, and even in the same month in different parts 
of the country. But a verdict that is based upon 
observations of the birds feeding at a distance in a 
field or upon impressions and traditional prejudices 
of the country-folk may be entirely^ misleading, and 
if it is followed by active measures, or the ruthless 
shooting down of the species, may lead to irrefmrable 
mischief. 

In order to obtain some trustworthy evidence on 
this matter a committee was appointed by die British 
Association in igo8, and this committee, with the 
co-operation of the Board of Agriculture and witih the 
assistance of grants of money obtained by the bc^rd 
from the Commissioners of the Development Fund, 
and smaller grants made by the British As^x:iation, 
undertook the scientific investigation of the contents 
of the crops and gizzards of our three most abundant 
omnivorous birds, the rook, the starling, and the 
chaffinch. 

Reports on these investigations were published as 
a supplement to the Jourmi of the Bmrd of Agri- 
culture in 1916, but in ms|^t o>f the work done in 
the University of Manch^ter, the report then pul>- 
lished was only an interim report, the resulte of 
the inv^tigation nc^ being completai or hilly tabu- 
lated. 

TO" furnish the r^uisite material, a number erf birds 
were shot by the co-rrespondents throughout the year 
and forward^ed to the investi^tors, who carefully 
emi»in«i and r^x)ftied the contents of the crops or 
(in die case of the rook) the gkmids. ■ Tk% animal 
finod wm clai^ifi^ into two groups: the ifi«cts,, 

ftW» IS 
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aflii tliiii known to be* injurious to 

thf %'r--ps lu i}ne i^riiiip» and those ihat| by tliem- 
It#*- *iiiiin»4l |^sts, ^iTt known to be^bene- 

ft f il 111 m4rinrf the vegetable locxi was divided 
i-.r, tf,.- ieavri., and other fragments of food 

i'!s HiK.h Hrn^ placed in one group, and those 
. mrr-d^ m another. I may remark that 

L p4ft iA fhe %urk lecjuirecl the co-of^ration of 
4 ^nf..mnlogi 5 .rs and botanists, for it needs specM 
mil ?o derermine whether a fragment of an 

insnt -a leg or a wing— belong to a beneficial or to 
an ifiiyrtou^ insert, and to be quite certain that the 
smafi’ found, partkylarly in the crops of chaf- 

lielimg to pernicious weeds or to useful grasses 
anti iood plants. 

As a general result of the.^ investigations it was 
on 'balance, the starlings are beneficial 
^ It IS true that they take some toll of 
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of value to the farmer have only been foned in a few 
instances (seven or eight). The insect focKi of the 
chaffinch is probably much larger than the records 
indicate^ because so much of it is of such frail nature 
that it is rapidly destroyed. Many of the insect re- 
mains were very fragmentary, and therefore very diffi- 
cult to identify ; but it was found that froin April to 
July many species of the destructive weevils (Rhyn- 
cophora) were taken, and many of the smaller sp^ies 
of lepidopterous adults and larvae. It also takes adult 
craneflies, whose larvae — the leather jackets — are so 
destructive to pasture lands and numbers of the 
larv® of the winter moth (CkimaioMa brmmaiu). 

In the case of the rook, however, there were differ- 
ences of opinion. Mr. Theobald, who inv^tigated 
the food of the rooks that were shot in the southern 
counties, declaring that this bird is more harmful 
than beneficial, and Mr. Leigh, who investigated the 
food of the rooks shot in the nordhem counties, return- 
ing a more favourable verdict on t^half of the bird. 
It is in my opinion very unfortunate that the a>m- 
mittee was not summoned to consider these divergent 
opinions before the reports were issued, and that it 
should be left to the reader to form his own opinion 
from the suraipary of evidence laid before him. 

It seems to isie that the whole of the evidence pmints 
diiwtly to the conclusion that the rook is a beneficial 
bird. If we proceoi on the plan of Imlancing one 
grain of corn and one injurious- insect found in the 
gizzard we find undoubtedly a ve-rdict against die 
rook;, but this m-ethod .is to my mind entirely mis- 
leading. An injurious insort destroy^ may mm,u 
mapy plants, not grains., of cx>rii saved to- the ferm-er. 
A grain of cx>m mten by die rook may be a grain that 
would ne%"er have been garner^ 

We should regard., therefore, of one of 
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jf ‘tf'i-t?* iJr.^frovMl AS balancini^, not one, but many 
imn, and im this reckoning the rcx)k is 
nr* drdn NnirtUial 

yjnm thts deduction, it may te pointed out 
IS rviilence in the re|M>rts that the rooks 
f|ijatuilirs of grain in the months of 
-4inl |»4ne» and this is rerkoned in the adverse 
%*4 5r of the lalaoce. Xem^ where did they get this 
grain in ihe siiinnier months? Until that cjoestion is 
jn%%rfnl safnC%ct0ri!y» this corn ought not to stand 
4^ evtdeme against them. On the other hand, Mr* 
LfigtiX fiidrnce as to the destruction of wire-worms 
and lrather-jack€|.s by the rcMjks is most inipre.ssiFe. 
If, he found, one rook will swallow 95 leather- 
^‘lets at a niei!, and another 103 wire-worms, we can 
umdemtmd w-liat an immense tenefit these birds are 
I© the faniifr in ctearing his fields of these most 
i€Struiti'¥f insists. 

It may te fairly argued from these repo'its that the 
€Mm agaiast the rooks has not yet been established, 
and ll^refort- lliit the action of some of th# county 
cmmcils i« encoiiraging the shooting of rooks on 
• great scale should be most severely condemned. 
What is rmUf wanted is further information on the 
lay ts of flit b«iii, and particykrly on the food supplied 
totbe nrsilings* Such informalloft we a-re not likely 
to i« the near future, for, with what we may .regard 
m mt national failing in clear foresight, the grants 
fm the Investigations lave bseen withdrmwm, and the 
wmk left ill m incott-^ete and mnmtrnfmmry con- 

Meveft:l€le», the coHacted eridearejof these inwsti- 
gmkms i«s it least warn m of tie danger of any 
wrlffiie for the slaughter of thoe btwls. 

If liti that, Mithmgh tl^ take mme Coll d* the 

gfBin btith at wiwliig-4iffi^ Md at the hairesl, they 
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must exercise ao important control over the insect 
pests that destroy our corn and pastures, and that 
if this control is removed some other means must be 
found to check the increase of the wire-worms, leather- 
jackets, and other injurious insects. 

Perhaps some day such other means will be found, 
but at present, for want of accurate scientific know- 
ledge, we are practically helpless. The evidence con- 
cerning the food of the wood-pigeons has not yet 
been collected in a careful and systematic manner, 
but there can be little doubt that the popular opinion 
that this bird is almost entirely destructive is justified, 
and that organized efforts should be made to reduce 
its numbers. 

The sparrow is also a bird that, during the greater 
part of the year, takes a heavy toll of human Ionx! in 
the agricultural districts, and is unfortunately so 
plentiful that the total amount of grain it devours p«r 
annum is a serious loss to the country. It is true 
that during the nesting season it carries many cater- 
pillars and other larval and adult insects to its young, ^ 
but, for all that, systematic efforts should bs made 
throughout the country to reduce its numbers. But 
for many reasons, moral as well as practical, the 
practice of employing children to destroy sparrows 
should be most sternly condemned. I will not dia:uss 
here the moral reasons, but indiscriminate amrards 
of money offered to children for sparrows and the 
eggs of sparrows have led in many cases to wholesale 
destruction of such valuable birds as the hed^^- 
sparrow, the robin, and the fly-catcher. 

It may -seem to many people diat our efforts to con- 
trol the ravages of ifi»ct pests in this count:ry have 
not b^n very successful. Notwithstanding die 
shmv^. of pamphlets ijsued by the Bcanl erf Agri- 
* W. E. Cefcige* Jmrmd XXI, 1^14. 
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and !i«twiths»ianding the laborious investi- 
gaiii'iiisi idtmt eatomologists, we lose annually millions 
of i^jaads’ mrorth of food and timber by the destruction 
cif crjr mheat, our rorm, our cabbages, onions, carrots^ 
and forest tree?» by insects. 

But 1 would ask: Have we really made any serious 
effort lo soH'c these problems? Our ignorance of the 
fundarnenul facts that underlie them is almost com- 
piete. We have no systematic records of the pre- 
waknce and distribution of insect pests, we have no 
reliable estimates of the damage that is done in suc- 
years, wt have no data upon which we can 
form eoftclusions on the relation of the severity of 
wiafer to the pfevalence of insect pests in the follow- 
inf summer- We are working, in fact, almost entirely 
in- lie dark. 

\¥l»t is wanted in this country^ is an official 

eatofflological c:iffic!e or bureau which will collect and 
tobulaie lie reconis of responsible entomologists in 
all |M,!ts of the country on the prevalence of the worst 
kinds <if ins^t |»sts. We want a staff of trained 
men, m they have in Canada and the United States 
erf A»tiica, prepared to travel - to any part of the 
cmiiitfy at a imoiiieiit’s notice to deal with a sudden 
oalburst of a dangerous pest, and, when we have 
Miffirieni knomiedge of auditions, there should be 
i^cia! wirnifigs iss««i to farmers, similar to the 
warning^, as to the probabilily of the 
pmwmimm of ^sis ia iiffemnt districts. 

It is true that the cost of such a bureau would 
heavy, but 1 mm ranrinced that both the initial 
capita! that would te squired and the annuat .ex- 
|»fidilure is a triie with the millions of 

worth of damage tlmt is done every year 
to mt mips, and whfch_.can .and^ shoold be 
pfevtfited. 
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To illustrate the methods by which the control of 
insect pests may to some extent be effected t%¥0 
examples may be quoted, in which valuable economic 
rneasures have been the result of careful scientiic 
work. The maggot of the fly Ch 4 )rtopkila bmssicm 
is, in many parts of this country, very destructive of 
cabbages, cauliflowers, and brussels sprouts. There 
is evidence that in some cases the whole of the first 
setting of these plants has been destroyed, and in 
very many others that o\^er 50 per cent of the plants 
have been either destroyed or seriously checked in 
their early growth. 

It was found, on studying the natural history of the 
insect, that the adult female, whicfa makes its appear- 
ance early in the nqonth of May, approaches the 
young plants and lays her eggs on the ground close 
to the stem. S<x>n after the eggs are laid the young 
maggots emerge and burrow down into the earth to 
begin their attack upon the rocks. If the plant is 
not already well established, and there are sufficient 
maggots present, the whole of the roots may be 
destroyed and the plant perish^; but if the plant 
is well established, or the maggots not too numerous, 
it may recover and suffer no more than a temporary 
check in growth. Now it o<x:urred to Professor 
Tracey, of Detroit, U.S.A., that if a paper disk were 
placed round the of the stem at the time of 

«tting, the maggots would be prevented from, burrow- 
ing down into the soil to attack the roots. As a rKuIt 
of several experimepts paper was found to unsuit- 
able, and it has been replaced by :^iiares of a coai^ 
roof-felting. 

The use erf tlie^ disks proving to he ejstfaofdiiiariiy 
siMX«s5fiil in America^ it was decided to tff some 
experimeiits on their use in this country.. Under the" 
diret^on 'Of Dr. Imips and Mr. Wadsworth a fi'Clii 
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w here ihr m as knowri to be prevalent, and in one 
ef ilie r\|ierinfients four parallel rows of cauliflowers 
were M*t. \%iih 233 in each row. T%vo alternate rows 
wriT proi«'tt^ by disks, and two were left unprotected. 
In Aiigiist of tht" same year it w^as found that of the 
raiiliiomens in the prelected rows 5.1 per cent had 
Iwfi desiRwrcl bv the root mag'got, and in the tin- 
prolrcled rows no less than 63 per cent had been 
destmyrd. In the case of the cabbag^es, which are 
in this r«pcict handier plants, the results were not so 
striking, but still of the protected cabbages only 0.2 
rent in croixipurison with 13.2 per cent of the un- 
protected €abl»ges,w€rc destroyed.^ 

These results do not take into consideration cases 
partial infection in which the plants recovered from 
the attack, and only suffer^ a check in their growth 
and full development 

la this fnelbod of €ont.roI we are dealing directly 
with the that causes the damage, by interfering 
aftificklly with the conditions that are essential in a 
critkml phase of its life-history. But it is advisable 
im all these cases 1# direct attack to study also the 
of m indirect attack by way of the protec- 
m tmmmmgem&mt of the natural enemies of the 
Heariy all die inlets that have t^n carefully 
arc known to be d^troyed in large numbers 
by their latuiml eneini^. Insects are m prolific that 
witioul checks which are provide by nature 
the world would soon be overwhelmwi with insect life. 
And it seems t^ery probable that the variations- we 
11 lie erity of attacks of in'mt in 
diffwnt ate due in large mwsure to the varia- 

i» the numters of their natuial in the 

pfwdlrig 

^ J 1 4mm^ 40^. 11, 1 ^. 
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Of these natural enemies the birds, the molesi the 
centipedes, and others play an important part; but, 
generally speaking, it is predaceous insect lar^^e and 
parasitic insects that are most destructive of insect 
life. One family alone, the Ichneumonidae, is re- 
sponsible for the destruction of a very large per- 
centage of some of the most virulent of our insect 
pests ; in fact, it may be said that if, in this war that 
we are waging for the protection of our fcxxi crops, the 
Ichneumons were to make a separate peace with the 
enemy, we should be starved into submission in 
twelve months. It is important, therefore, in con- 
sidering any proposed method for dealing with an 
inswit pest, to find out what other insects are parasitic 
upon it, and to take into consideration the effect of 
the method on the insect parasites. 

For instance, in some cases it may be highly 
injurious and superfluous to apply insecticides, as 
they also destroy the beneficial insects which are 
already acting as a check on the injurious species^’A 

There is no reason to suppose that the disk method 
of protection would materially interfere with the 
beneficent work of the parasites of the root maggot, 
but nevertheless it was darned necessary to obtain 
as much information as possible about the number 
and character of the insect enemies of this destructive 
pest It was found that the most destructive insect 
that preys upon the rwt maggot is the predaceous 
S&phylinld l»etle, AlmcMra bUmmta, It is not 
only the adult beede that devours the root magged, 
but it has now been proved that its larva bor^ into 
the pupa and d^roy s it. 

The effect of this insect in reducing the numbers of 
the maggot of the ChortopMla must in seme ca^ 
very considerable, ^as in one of -the made by 

. * 4. IX. Jwwd Vci. 'f* aiS- 
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Mn Wadswoftk, in 1914, no less than 26.9 per cent 
ttie were found to be thus parasitized. 

But tile Aleochara is not the only parasite that 
destroys the rcM>t onaggot» as it has been .found that 
to ^ relatively small extent the pupse are parasitized 
hy Imo species of Ichneumons, and rather more fre- 
c|iit»ntl? by a sf^cies of Cjnipid flvA Our knowledge 
of fliese parasites may not at present lead to any 
prartiral results, as the disk method of protection of 
the plants seems tO' be effective in most parts of the 
muntrj; but m^here the disk methexi fails, as it is said 
to do in some districts, owing to clifnatic or other con- 
diti0fi.s, the iotioduction of Aleochara might prove to 
be ai impoftant means of checking the spread of the 
pest. 

As an example of another method of attack upon 
a destnictive insect, which, I venture to think, has 
proved to be efficacious., I may refer to the last out- 
break of the larch saw-fly attack. The first notice that 
'wm received of the renewed activity of this destructive 
was in the summer of 1906. The larch trees 
in the plantations of the Lake District were losing 
their young sheets, the leaves were turning brown,, 
and the jmfs growth of wood was evidently being 
checked. 

As the outtm^k was fmrticylarly severe on the hill- 
slopes leading down to Thirlmere — from which lake 
llaach^er derives its water-supply — Dr. Gordon 
Hfwift was entrusted with an inv^tigation of the 
and ask«l to suggi^ some remedial mmsums- 
It was found that an i.m¥^i|^tion <rf the natural 
history of tie insect and its natural enem-i-^- would 
some years to complete, and therefore it -was 
suggested that in the fimt instance the CorfM>'ratioii 

M., tps- . ■ , , ■ . ■ 
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should take some steps to encourage the birds that 
had been observ^ed to feed upon the larvse of the saw- 
fly. 

The prindpal birds that were thus observed to be 
holding the insect in check were the robins, tits, and 
the fly-catchers. All these birds build their concealed 
nests in holes in the trees, and, as. the trees of the 
district are mainly conifers, the supply of hiding- 
places was necessarily limited. It was therefore 
decided to put up a number of properly-constructed 
nesting-boxes in the neighbourhood of the larch plan- 
tations that were most severely attacked, and to feed 
the birds in the winter on protected feeding-platforms. 
This was done. Boxes of two sizes were suspended 
in the trees, and the number of boxes was increased 
year by year. At the end of the first summer the 
boxes were examined, and it was found that about 
30 per cent had been occupied during the nesting 
season. This was considered to be a satisfactory 
result, considering the bird population of that beauti- 
ful but at the s^me time rather inhospitable district. 
But in the following year the percentage of boxes 
occupied increased, and the same in succeeding years, 
until in 1912 no less than 71 per cent of them con- 
tained one or more nests. 

The result of these efforts was a noticeable increase 
in the number of birds in the district, and every year 
they wag^ a more intense warfare on the saw-fly, 
I do not think that there can be any reasonable doubt 
that as adirect result of these encouragements the nuin- 
ber of tins, robins, starliilgs, and some other species 
of birds in theThirlmere plantations was considerably 
increased. On this point our own observations were 
fully confirmed by the opinions of {^ople living in 
'the cfisirict who were^ well acquainted with the bird 
life b^>m and after the boxes- were pfwM^, but the 
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following table supplies evidence of this increase, 
which is not based on simple opinion:— 
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But, it may be asked, did the birds produce a 
noticeable effect upon the severity of the saw-fly 
attack? The answer of a man of science to that 
question must be cautious. We were attacking the 
saw-fly by means of the birds, but there were many 
other agencies working for us, as will be presently 
related, over which we had no direct control, and, to 
be quite frank, it cannot be proved to demonstration 
that the birds w^ere the primary cause of the happy 
faults obtained in igia when the woods were practi- 
cally cleared of the saw-fly pest. It is significant, 
iKJwever, that, whereas in 1912 the Thirlmere estates 
were almost free from the saw-fly, the surrounding 
districts of Cumberland and Westmorland were suf- 
fering severely, and on the sloi>es of Skiddaw, within 
sight of Helvellyn, no le^s than 3000 larches were 
felled in 1913 on account of the attack of the previous 
summer. So far back as the summer of 1911 the 
improvement was manife^ as shown in the following 
report of the local branch of the Royal Arboricultural 
Swiety: — 

“ The larch plantations were found devastate! by 
the mw-By, but at Tbirimere they were green and 
vigi^ous. Here the Manchester Corporation have 
waged successful war agaia^ the swarming oter- 
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pillars by spraying and tar-banding the trees and 
erecting* nesting-boxes for the birds.’" 

We have then at least independent evidence that 
the only landowners of the district that adopted re- 
medial measures did benefit to the extent of at least 
two years’ growth of timber as compared to those who 
did not 

Our investigations on the activities of other agencies 
at work in the control of the larch saw-fly led to some 
interesting and important discoveries. In addition tp 
the small birds that feed upon the saw-fly and its 
caterpillars in the summ er, we found that the starlings, 
pheasants, and probably the rooks — as well as the 
field-mouse — destroy large numbers of the pupae as 
they lie on the ground in the winter, but probably 
the most destructive agent is the ichneumon parasite 
Jfesoletus tefzthredinis. In the winter months we 
collected a large number of the pupae and kept them 
in cages until the insects emerged, and we found that 
a certain number were always parasitized, the ichneu- 
mon emerging from the pupa instead of the saw-fly. 

Thus in 1908 we found that 5.8 per cent of the pupae 
that hatched were parasitized, 10.9 per cent in 1909, 
and 62 per cent in 1910. In 1911, however, the per- 
centage fell to iS, in 1912 to 8, and was even less 
than that in 1913. But with the diminution in the 
percentage of pupae parasitized by the Mesoleius, we 
found an increasing number were parasitized by two 
other insects, the Ichneumon HypamMis^ aOmpieim 
and the Tachinid fly Zenillia pexops^ and thus the 
war of insect upon insect never cea^d to rage. The 
important part that is played by these parasites in 
keeping this pest in check cannot overestimated. 

It is probable that under normal conditions there 
are always some larch saw-fli^ in the larch plantations, 
blit the number of those that survive the attacks of 
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ihrir natural enemies is so small that the damage they 
iki ta the trees is inappreciable. It may be important, 
tlierrfiire, m case of any new outbreak of the pest, to 
note if the most important known parasites are pre- 
semt Of absent, and in the latter case to supply the 
district with a number of specimens. That this trans- 
fer ran be effected has recently been demonstrated in 
ari intleresting experiment. 

When Dr, Gordon Hewitt left Manchester to take 
up his |»sition as entomologist to the Dominion 
Gowernniffit in Canada he found the same saw-fly 
causinif great damage to the larch trees in Manitoba 
and elsewhere, but on examining the pupae he did not 
ind any specimens of the parasitic ichneumon (Meso- 
ietm imiAridmis) referral to above. A large number 
of pupa? were therefore sent to him from Cumberland, 
and the ichneumons that, emerged from them were 
iiteratcd in the Canadian forest. It was possible, of 
course, that the severity of the Canadian winter and 
manf of the other influences that regulate the telance 
fialiire might prove unfavourable to the British 
iounigrant, but Dr. Hewitt was., able to report that 
la I9 i6^- the ichneumon pa^rasite had been recovered, 
and was theiefore presumably alr^dy acclimatized. 
■We have therefore been able to supply the Dominion 
witli a valuable ally in its battle against the saw-fly, 
and we may confidently believe that in due time it 
will prove its value. 

In the^ matteis of mmomic entomology we smm , 
to hart rcmch^l only the ^tb.res.hoM of knowledge., 
Wc have ol^inrf ^me inter^ting and a few valuable 
blit we really know nothing of importance 
the vast struggle for existence that is going on 
i» the insert worlds not <mlj in the of^n air during 
ihfr Slimmer rnoinths, but all through the wintor in the 
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dark recesses of the soil. If we take a cubic foot of 
the surface soil of a meadow and search it carefully 
bit by bit with a lens and a microscope, we find 
hundreds of larvas and pupas and adults of insects that 
feed upon the roots of the grasses or prey upon one 
another, and many of these have not yet even t^en 
named or described. Thus by this method Dr. 
Cameron found in a small field near Manchester i6c> 
different species of insects in the soil, many of them 
being present in great numbers.^ The play of forces 
in this mixed community, the struggles for food, the 
I>owers of reproduction, the death and destruction, is 
intensely involved. All that we know at present is 
that when we employ the method of injecting poisonous 
vapour into the ground to destroy a particular species 
of insect pest, we must also destroy hosts of other 
insects, some of which at least are our friends and 
benefactors. We are recklessly taking part in a war- 
fare without knowing even the strength and disposition 
of the forces that are fighting on our side. We are 
striking out blindly, destroying friends and foes alike. 
Mow it seems to me that this state of things should 
be amended. We should at least endeavour to extend 
our knowledge of the natural forces that are playing 
such an important part in the maintenance of the 
fertility of our own soil. But this work which should 
be done, which must be done if we are to have a really 
scientific Im^is for our agriculture, requires the services 
of properly trained entomologists. But of young 
entomologists we have but a few left in this countoy ; 
some of them are fighting in the ranks, others are 
threaten^ with a summons to the colours, and c^ers 
have been driven abroad or into the service of the 
colonic by the want of recognitioo at home. We 

» A.- E. Ca®«afc»: A VIII, 19*3, ami Sar., 
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have* I Wiev’e, the best material in the world. We 
have the means of bringing it into use, but we do not 
employ it in the service of the country. If people 
only realized the enormous loss to the country in- 
by this neglect of science, I cannot help feel- 
ing that some steps would be taken to find a remedy. 
But we have no statistics, no reliable estimates, to put 
l^forc the public. Professor Dean^ recently estimated 
that, in the State of Kansas alone, the insect pests 
cause damage to the extent of 30 millions of dollars 
l^r afinum, and other estimates by the American 
entomologists are given at 10 to 40 per cent of the 
crops, destroyed by insect pests. 

Now if we lake the wheat crop alone in this countiy, 
whbh is estimated at 10 million quarters — worth, at 
siMty shillings a quarter, ;^30,CKX),ooo~and reckon 
the loss by insect pests as 10 per cent, we see that the 
damage we are t tying to prevent by saving all our 
focKl crops from the ravages of insects represents a 
matter of millions of pK)iinds per annum. The war, 
with all the hardships and suffering it has produced, 
has taught us the national need of economy of our 
ftxd-supplies. We may trust that it will also bring 
home to us the leases we have been content to suffer 
by our rnglm, in the past of the cultivation of applied 

*■ Omit J, Mmmm, II, 1918W 
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CO-OPERATION IN 
FOOD-SUPPLY 


The general title of this course of lectures was 
framed to include a wide range of topics, but I am 
afraid that it is only by a stretch of language that my 
subject can be brought within its limits. The pro- 
duction of food-stufis really depends on the exercise 
of certain arts — the arts of dealing with plants and 
animals so as to produce food from them — and, as in 
the case of all such arts, which are as old or nearly as 
old as human history, its practice is based upon the 
mass of acquired tradition which has been accumu- 
lated through countless generations, and which is still 
enormously more important in the actual practice of 
agriculture, horticulture, and stock-breeding than are 
the results of scientific research. In food production, 
ie. in stock-raising, crop-growing, and so on, as in 
everything else, however, the results of scientific re- 
search are bw:oming more and more potent in actual 
practice with eyery year that i^isses. Then, again, 
the co-operative organization of food production and 
food supply, about which I am going to s|^k, de- 
mands a oinsiderable knowledge of the psychology 
of various kkids of human beings, a practical and 
intimate acquaintance with human nature. Because 
the materialjiealt with in the produc^on of food (in- 
sists of living beings, and because the organization of 
the co-operative produc^tion of focKl means dealing 
iem) * in 
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. in mysobjVct touches upon biology^ 

*' r:, only indirectly. It is for this reason 

i .. . 1! ‘f 1% onlv by a stretch of language it can 

# cr ifhlyded in this course. 

It IN .4 1 ..enn^*rip 3 are with those who concern them-* 
^if!. tr.e history of what is called the,..ci>- 
v\o\^*mrni in this country, that, while 
p*r4tnc 1 N-.inbui'icm has l^en a gigantic suc- 
t •ojX, I M»l l||t Id u%t Production, speaking generally, 
Hm‘ 11 a ctini|iaradve failure. By Co-operative 
Ihstfjhyi'on h generally meant, in this connection, 
itu! cygaritic system which has spread throughout 
the y-miTS and cities of England under the control of 
the i t>oprraii%'e Union. The size and importance 
of the i>Mipt**raiive Union, with its familiar “ stores 
m city, town, and large village, often acting as 
anti educational centres, are well known to us 
ail. But with this side of co-of^rative trading we 
are sot concerned today. Cooperative production of 
food-stiiffc, on the «ither hand, has in England lagged 
'liehisd the greai advances made in other countries, 
Bn 4 it is only within very recent years, as a result of 
thf activity irf the Agricultural Organization Society, 
ihai, mf siitetantiml progress has teen made. Even 
mm far tehind other tsountries in this respect. 

1 1 IS often said that English farmer and English 
Mall^toldea mm too con.servative, loo suspicious of 
me another, to make it possible successfully to or- 
mhtmm of co-operation among them; but 
i do not see any evidence at all that they possess 
Aem qiialititi in any wmm marked degree than the 
hmem m simmli-ioldeis of other countries. It is" 
indeed true that people who live on the land have 
lf»p«s^d «pia them the same iniuentxs, whether 
they te tefbs, RuRianiaw, Irish Ameriian ■ 

froil ffowef% or Eng lish and the main r^ult 
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of life on the land is seen in the coinnnoii charac- 
teristics which are displayed by agriculturists all over 
the world. Their life of comparative isolation or the 
land and their very intimate contact with nature, the 
fact that they have successfully adaptad ttiemselves^ 
on the basis of inherited tradition and the very slowly 
accumulated results of experience through the cen- 
turies, to the great yearly cycle of nature, with all the 
danger and uncertainty of seed-time and harv’est, have 
an inevitable effect on the mind and clmracter. It is 
these things that make them less anxious, to try ex- 
periments and less susceptible to new ideas than is 
the case with townspeople, nor do they easily organise 
themselves in the common interest. But this applies, 
as I say, not specially to people living on this island, 
but to people living on the land everywhere. 

Now the isolation, which is at pre«nt, at any rale, 
a pretty constant factor of life on the land in 
countries, together with the slowness of mind which 
it engeodere, brings about anmher result. It m-akes 
the agriculturist, particularly t.he small agriculturi^, 
the easy prey of unscrupulous f^ple of various kinds 
— ^money-leiiders and vendors of things which the 
agriculturist needs, such as his agricultural imple- 
ments-, seeds, fertilkeis, and so on. And that very 
fact has brought its own remedy, l»cau» it makes a 
suitable «ed-b»l in which «n planted the of 
' a co-operative movement, and it is in this way that the 
development of co-o^ration amongst agricultures 
has actually taken place. 

The first important movement of the kind origiimted 
" in Germany in the middle of last century. The Gcrmaii 
l^asarits and small farmers were in many pl«»s the 
prey of unsKrupulous money4efiders, aiKl the dis€*« 
p^u»d its remedy* The agricultuito is fwrlica- 
l|trly in n^ of obtaining cnecit Tl^ ordiimry 
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trader can, if he has a business started, obtain credit 
on a security basis, because banks make a practice 
of advancing money in that way. But the ordinary 
bank does not generally understand the needs of the 
agriculturist, and will not lend money on any security 
the farmer has to offer. Nevertheless, the agricul- 
turist needs the credit if he wants to enlarge his 
operations or to undertake any new vrork. He even 
needs it more than the ordinary trader, because, while 
the trader can start his turnover at once, the agri- 
culturist has to wait while his seeds grow . and his 
crops ripen until he can reap his harvest. And all 
that time, apart from rent, he has to pay for labour, 
for the feeding of his animals, and so on. This need 
of the agriculturist is seized upon by money-lenders 
in every country, and the necessity of the peasant or 
small farmer is their opportunity. 

In Germany co-operative credit societies were started 
cm the so-called Raiffeisen system, from the name of 
the man who suggested it. Essentially the system is 
that a community of people who know one another 
become jointly responsible for the repayment of loans 
to any one of their number. The security is simply 
the personal character of the borrower, his reputation 
for hone^, industry, sobriety, and so on. Although 
many i^ple might hold up their hands in horror at 
thesmgge^on that any such system could be success- 
ftil, it has worked exceedingly well, because no such 
society would ever grant a loan to a man unless they 
Wieved in him. An essential condition of such a 
society is diat there should be personal knowledge 
of all its members, and therefore the unit must neces- 
sarily be small. These sodeties increased enormously 
in Germany from the middle of last century to the 
end, and a few years ago there were over 4000 of 
them, with a total loan ^count for the year of 
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4^ millions sterling. To prove that their operations 
really came home to the small man, one may mention 
that over three-quarters of these loans were for sums 
of ;^5o or less. The Raiffeisen type is an excellent 
example of a primitive but quite thorough kind of 
co-operative society. The thing is perfectly sound, 
because it is conducted on sound principles, and 
it meets the first great demand of the agriculturist — 
easy credit. The Raiffeisen system has undergone 
many developments in Germany. In 1910 there were 
more than 15,000 agricultural loan and savings banks 
of various kinds, associated with and partly financed 
by 36 central banks, the total turnover of which in 
1909 was more than 245 millions sterling. 

The example of Germany has been widely followed 
elsewhere, including most of the European countries. 
Outside Europe, the system, or rather a modification 
of the system, has been developed, largely on Govern- 
ment initiative, in India for just the same purpose. 
There it is run locally, but supervised by Government, 
and the members of the locarsocieties accept unlimited 
liability quite freely.- Part of the magnificent work 
of Sir Horace Plunkett in Ireland has been the for- 
mation of credit societies, and this has been a tre- 
mendous boon to the honest and industrious Irish 
agriculturist, whom it has rescued ’^from the slavery 
of the money-lenders. In England- there has as yet 
been little development in this direction, though there 
has been much talk recently about land banks. 

The second great need of the agriculturist is to 
obtain at a fair price and of good quality the neces- 
saries for carrying on his work, that is to say, agri- 
cultural machinery, implements of all kinds, seeds, 
fertilizers, and so on. Exactly the same' kind of 
thing happened in Germany in this connection. The 
farmers found that they were rapidly coming under 
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the domination of syndicates of manufacturers of those 
things which they wanted, rings which kept up the 
price and then supplied inferior articles, and com- 
binations of farmers on co-operative lines were made 
to meet this difficulty. It is cl^r that the farmer 
effects a great saving if he can buy from a society 
which purchases the best qualities wholesale, and 
charges only a small commission to cover expenses, 
instead of buying from a trader who seeks a profit 
only limited by competition, and not always by that. 
A few years ago there were twenty-seven great co- 
operative supply societies in Germany working on a 
very big scale, with a total membership of over 10,000, 
mainly consisting of small local affiliated societies up 
and down the country. Other countries have followed 
Germany’s lead in this matter also, and successfully 
too, though generally with far less complete organiza- 
tion. 

These two functions of which I have spoken, very 
necessary functions indeed for the welfare of the 
agriculturist, that is to say, the provision of credit 
and the provision of what may be called, in the 
broadest sense, agricultural plant, have often been 
associated, in the sense that one society will both buy 
for and sell to its members machinery, seeds, &c., 
and will also grant credit. 

One may say that the two things of which I have 
been speaking are the simplest to organize on co- 
operative lines. But in addition, of course, we have 
the other side of the farmer’s needs— the disposal of 
his produce. Here again is a vast field for co-opera- 
tion in dealing with produce on its way from the land 
to the consumer. In this dispatch from the land to 
the consumer many different proce^es are involved, 
varying, of <x>urse, with different commodilies, and 
in order to organize effectively co-operatiyc dealing 
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with these processes each commodity and each of the 
different processes it has to pass through has to be 
gone into and studied separately. All that side of 
agricultural co-operation, therefore — what you may 
call generally co-operative marketing — becomes a very 
much more complicated problem than the supply of 
necessaries and of credit to the agriculturist, a problem 
which people have tried to solve here and there many 
f times, and have very often failed. The easiest and 

least dangerous way to attack it is for a cp-operative 
society to deal, in the first place, with a single article. 

There are many examples of this, one excellent ex- 
ample being the Irish dairies, which have been estab- 
lished under the Irish Agricultural Organization 
Society by Sir Horace Plunkett and his fellow-workers. 
These co-operative c^ameries, in which butter is made 
from the farmers’ milk and then distributed, have been 
such an extraordinary success that capitalists have 
imitated them and laid down creameries on exactly the 
same lines, and between the two this field in Ireland 
has been pretty completely covered for some years 
now. Nearly all the milk produced in Ireland, except 
that locally consumed, is turned into butter at cream- 
eries of this type. In England the conditions are 
different, and it pays the English dairy farmer much 
better to send his milk straight to the towns for direct 
consumption. Here, of course, there is still a field 
for co-operation in the collection and delivery of milk, 
but the marketing of milk is in an exceptional posi- 
tion because of its vital importance to the inhabitants 
of the towns. Because this matter is of such vital 
interest to the consumer there has-been an important 
movement to bring it under the control of the muni- 
cipal authorities or of the State, with a view to con- 
trolling the price and even to controlling both price 
ahd distribution. It niust be remembered that a co- 
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Of^rative society may indulge in profiteering as 
well as the private trader, and in the matter of the 
milk supply this is an actual danger which seems to 
have been realized, or is likely to be realized in the 
case of at least one powerful society operating in a 
large centre of population in this country. Such a 
danger is, of course, no objection to the principle of 
(XM>peration, but it is as well to remember that in the 
case of essential commodities like milk the interests 
of the urban consumer must override the financial 
advantage of the country-side. Even if the retail 
price is fixed, however, co-operative methods will still 
give the producer a better profit than selling to a 
middleman. 

“ The type of marketing society which should be 
established in any district, or locality depends, of 
course, on two factors, the actual production of the 
locality and the available markets. Outstanding ex- 
amples of this are to be found in Denmark and Ireland. 
There the conditions of success are given by the fact 
that these are stock-raising countries, dairying coun- 
tries, and pig-breeding countries, and by the proximity 
of the gr^t British markets. Most of the bacon and 
butter of Denmark came, before the war, to England, 
and m does most of the Irish bacon and butter. The 
tXM>perative creameries of Ireland and the bacon fac- 
tories of Denmark, as well as the co-operative stock- 
breeding scK^ieties which improve the strain of the 
animals from which these products are obtained, are 
all dependent on these factors. 

A specialized sodety dealing with a single product 
has very great advantages. The business it has to 
do is less complicated than in the case of a society 
which deals wiA miscellaneous produce. It is there- 
fore msier for the managers to obtain a thorough 
working knowledge of the conditioiis of p^rodiictioh 
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and marketing, so that success is more likely. A 
local organization can cope with one commodity, but 
may not be equal to dealing with a wide range of 
produce, each kind of which, owing to the difference 
in the conditions of production, necessarily needs a 
separate organization. 

As an example of specialized co-operative societies 
which have had literally gigantic success, one may 
mention the American fruit growers’ associations. 
The enormous increase in the production of fruit 
along the Pacific slope and in some of the north- 
eastern States, such as Michigan, created a demand 
for further outlets. The peach and grape growers 
of California and the Oregon pear growers had to 
find markets not only in the great urban centres of 
the eastern States but also in other countries, and only 
a very powerful organization With great reserves of 
capital at its command could find out and study these 
markets and supply their needs cheaply and profit- 
ably. The fruit growers soon found that they were 
getting under the thumb of the middleman, and they 
combined to meet the danger. There are combina- 
tions of this kind in all the great fruit-growing States 
of America, and one of the most powerful and impor- 
tant of these is the California Fruit Growers’ Ex- 
change, with head-quarters at Los Angeles. Some 
years ago this association was dispatching to market 
14I million boxes of fruit annually, showing a gross 
profit of 4I millions sterling. This association is 
really a federation, having its head-quarters at Los 
Angeles, and ifef governing council is elected by about 
fourteen principal district associations, which, in their 
turn, have connected with them more than a hundred 
local societies with an aggregate membership of 14,000 
individual fruit growers. The exchange had agents 
in the United States, in Canada, in London, and in 
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certain other European capitals. These agents were 
in constant touch with the markets, and also in com- 
munication with Los Angeles. Thus market informa- 
tion was communicated as necessary to the districts, 
and the local societies took charge of the collection of 
fruit from the growers, and of the grading, packing, 
and bulking in complete truck-loads, which in due 
course were put in trains for their destinations. In 
this way the fruit growers received a higher price for 
their fruit, and at least 50 per cent of the expenses of 
marketing have been cut away. 

That, of course, is an example of an organization on 
a very large scale, but there is no reason at all why 
smaller organizations of the same kind should not be 
started, and successfully started, in this country. Cer- 
tainly there are some, but not many. The essential 
factors are a thorough study of market conditions, 
really good management, and insistence on first-rate 
quality. This last is a point of the utmost importance. 
I know a pear grower in Oregon who can practically 
fix his own price for dessert pears on the London 
market, 6000 miles away, and he only does that by 
absolutely refusing to pack anything but fruit that 
is quite perfect In packing he rejects, without hesi- 
tation, fruit that most of us would call first rate. He 
will only include fruit without spot and of perfect 
form, and he dominates his market because his cus- 
tomers can absolutely rely on receiving nothing but 
perfect frtiit. In this country it is most necessary that 
the small fruit grower’s standard should be constantly 
raised. At present he is extraordinarily slack about 
quality, and expects to sell fruit which is often very 
inferior. Particularly he does not understand what 
is called grading — ^that is to say, the sorting out of 
fmk into different sizes and qualities, and then putting 
■mM on its proper market The value o| every kind 
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of fruit is greatly increased by proper grading. At 
Covent Garden, for instance, the fruit dealer, when he 
is supplied with a mixed sample, invariably prices it 
at the price of the worst quality of fruit included, so 
that the producer loses the difference between that 
price and the average price of the grades into which 
the sample ought to have been sorted. 

I have already pointed out the obvious fact that in 
the transit from the land to the consumer most agri- 
cultural and horticultural produce has to go through 
many processes, and that these necessarily differ for 
each commodity. Thus while milk could be sent 
direct from the cow to the retail shop, pigs have to 
be turned into bacon, wheat into flour, and so on. 
These preliminary processes are, of course, quite dis- 
tinct from marketing, and many of them can be dealt 
with co-operatively. For instance, as we have already 
noted, bacon factories and creameries have been among 
the most successful of co-operative undertakings. You 
have to separate your milk for making butter arid kill 
your pig and make bacon of him before your produce 
is marketable. This, of course, is specialized work, 
and it is advanced work in the sense that only a com- 
munity which has seized the principle of co-operation 
and is prepared to work upon it can possibly under- 
take it with success. Most untutored agricultural 
populations want a very great deal of education in co- 
operative methods before they can successfully carry 
out schemes of this sort. 

When we come to deal with fruit and vegetables it 
is obvious that the number of processes between the 
land and the consumer are much fewer. You can 
pick fruit and pack it and send it to the private con- 
sumer direct if you like, and similarly with vegetables 
of various kinds. But even with fruit, when it is sold 
wholesale, there are processes which have to be gone 
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through, such as grading and bulking for transport, 
and these can be done co-operatively, and form one 
of the simplest and most hopeful fields for a new co- 
operative society to take up. I have already referred 
to the importance of grading and to the way in which 
it raises the value of a crop. Bulking for transport 
is another important function of a co-operative society. 
As you know, railway companies quote lower rates 
for large quantities, the usual unit being a truck-load, 
and one of the great advantages of a co-operative 
s<x:iety is that the produce of a number of members 
can 1:^ collected, graded, packed and bulked so as to 
make up complete truck-loads. 

Tlien we come to the actual marketing of the 
produce. First of all we have to consider the accessi- 
bility of markets and the kind of market that is to be 
sought. There is often a choice of markets, some of 
which offer one advantage and some another. Then 
we have to consider whether we are going to dispose 
of our produce to a wholesaler or to a retailer, or, 
as is possible in some cases, direct to a private con- 
sumer. Then there is the whole question of transport, 
on which I have touched: this is largely concerned 
with rates and bulk. It must never be forgotten in 
this connection that the middleman who buys from 
the farmer and sells to the wholesaler or retailer, 
exorbitant and oppressive though he may occasion- 
ally te, discharges an important ahd indispensable 
function. In most cases he gives good value for the 
ixjinmission or profit he takes. He knows the goods 
in which he deals, and he knows his markets and 
ti:ansfK)rts. If he had not a good knowledge of these 
things he could not be successful. In nearly all 
an officer of a co-operative society can under- 
take this work and thus save the middleman’s profit 
m iie producer, but if thb spci^ is going to per- 
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form the functions of the middleman it must acquire, 
through its officers, the same knowledge as the good 
middleman has. From all these considerations it will 
be clear that co-operative dealing with produce (co- 
operative production in the widest sense) is a very 
complicated problem which can be mastered only by 
a close and careful study of the conditions involved. 
Success can be achieved only by knowledge and by 
careful adaptation of means to an end. 

There have been many attempts to organize the 
supply of our home country produce, and many 
failures through not recognizing the proper starting- 
points or from omitting to attend to some factor 
essential to success. One rather instructive case is 
that of an organization called the British Produce 
Supply Association, which was started in 1896 by 
Lord Winchilsea and other influential people under 
the auspices of the National Agricultural Union. 
The British Produce Supply Assdciation was started 
experimentally as a limited liability company with 
a capital of ;^5o,ooo. The idea was to have first of 
all a distributing centre in London from which pro- 
duce could be obtained by the retail trade and by 
private customers, and depots in the country, in charge 
of agents who would guarantee farmers a better price 
than they would get locally, would collect produce, 
grade and bulk it, and dispatch it to London. It was 
thought that this offering of better prices would incite 
agriculturists to produce better quality, and, if they 
could not, it was thought that the agents of the 
association would act somewhat in the capacity of 
technical instructors by teaching and explaining 
methods, by distributing leaflets, and so on. Opera- 
tions were actually started at Sleaford, in Lincoln- 
shire, with a distributing head-quarters in Long Acre. 

But things did not happeri quite as the promoters 
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had hoped. There were many difficulties and causes 
of failure. One of these was that the producers con- 
tinued to sell their first-class produce to established 
dealers, and expected the association to take second- 
class produce and give good prices, their notion 
being that, as the association was started for the 
benefit of the agriculturist, it ought to pay good prices 
for whatever they chose to offer. They felt hurt 
when their supplies were rejected, and still more so 
when the local agent started on his educational work 
of teaching them what they ought to do. That 
attitude is extremely common among agriculturists, 
particularly small ones, and it points, I think, directly 
to an essential condition of successful co-operation: 
that you cannot start co-operatioi; by making the 
organization independently of the actual producer 
and then asking him to come into it. You must start 
with your operations based on the desire of the pro- 
cfucer to make his business more profitable; you must 
secure his interest in the first place. He must put 
his own time, energy, produce, and money into it, 
and must elect his own officers. The organization 
started from outside, however enthusiastic its pro- 
moters may be to increase the produce of the country, 
is not likely to be successful; it is not the right way 
to tegin. This does not mean that there is no room 
for propaganda and for people who are enthusiastic 
to bring before the actual producer the advantages of 
co-operation, to tell him the history of experiments, 
to suggest the right methods of organization, and so 
on. There is much room for propaganda and educa- * 
tional work; but, so far as I know, there has not been 
a really successful association started except at the 
desire of the preniucers themselves, actuated by tihieir 
own wish to dispose of their produce to the greatest 
adv^tage. That is the bed-rock on. which co- 
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operative producing societies must be based, and no 
amount of enthusiasm or devoted voluntary work 
can replace this primary interest of the actual pro- 
ducers. 

The necessity of these various conditions of suc- 
cessful co-operation is clearly seen in the case ot 
societies of this kind which are springing up all over 
the country as a result of the food situation which has 
developed so rapidly during the last year. Many 
of them are run too much from outside, and do not 
start from the producer. Many of them try to do too 
much and to deal with too many things. One of 
them, with which I have a close acquaintance, covers 
very nearly the whole range of different functions 
which I mentione4 as belonging to the different fields 
of co-operation, that is to say, it provides implements, 
seeds, fertilizers, food for live stock, and it also under- 
takes to market produce. There are a good many 
societies in this country trying to do too much with 
too small resources. It is very much better to follow 
on the lines which the history of the subject has 
marked out, and to start, if possible, in a small way, 
with a single commodity or a restricted group of 
commodities, to specialize, to induce your producers 
to try the co-operative methods of dealing with the|r 
produce, to pay special attention to grading and to 
the maintaining of a uniform quality, to keeping your 
market when you have got it; and then, when you 
obtain success on a limited scale, build on that and 
do not launch out much further than you can see. 

This is an important point at the present moment, 
for war conditions are abnormal and difficult Whiles 
they supply a great stream of voluntary enthusiastic 
work, this is tetnpomry, and though, at the time, 
war conditions necessarily supersede normal condi- 
tions, and is being laid upon increase of quan- 
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tity to the neglect of quality, such a state of affairs 
cannot be permanent. Consequently, any temporary 
success or failure now is very little guide as to 
whether you are going to meet with permanent suc- 
cess or failure. Dealing with surpluses without 
regard to quality is, on the whole, a problem better 
left to State action. But if, under the stimulus of 
war amdiiums, it is possible to lay on sound lines the 
foundations of a local co-operative society which 
would not otherwise be started, that is a worthy and 
admirable goal to which local effort may be directed. 

The principle of co-operative dealing is absolutely 
sound economically, and its financial advantages are 
probably its most striking feature. But co-operation 
has a further advantage which tl^e financially suc- 
cessful great joint-stock companies cannot lay claim 
to, and that is this: co-operation once started among 
producens for the protection and furthering of their 
interests not only preserves the individual pride of the 
producer in his own produce, but leads to the re- 
placing of suspicion by confidence and of isolation by 
ideals of mutual help. This has actually been shown 
most undoubtedly in the case of Ireland to be the 
effect which follows in the wake of successful co- 
of^ration. Not only have good crops been produced 
where there were bad croj^ before, and prosperous cot- 
tages built in pla<^ of hovels, but the intellectual and 
moral life of the community has enormously improved 
in many ways. The introduction of a co-operative 
society has, in fact, r^ult^ not only in bringing 
more money to the community, but in increasing its 
»x:ial activities and generally has tended to re-cFeate 
rural life. The evidence of this in different parts of 
Ireland is widespr^d and striking that it cannot 
be ignored. English rural life has never been in 
such a bad condition as that of Ireland was thirty or 
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forty years ago, but I think most of us will agree 
that a good deal of improvement is possible, and 
what has been done in Ireland can perfectly well be 
done in England if we go the right way about it. 
Co-operative effort directed wisely and with a real 
appreciation of the essential conditions of success is 
therefore one of the most useful and productive ways 
in which we can help forward that reconstruction of 
the life of the nation on better lines, which we all 
hope to see as a result of the times of stress and 
suffering through which we are now passing. 

A. G. T. 
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THE PHYSIOLOGICAL ASPECTS 
OF FLYING' 


Owing- to the exigencies of modern warfare, a youth 
about eighteen years of age may be called upon in 
the course of a comparatively short time to acquire a 
mechanical knowledge of an aeroplane and how to 
handle it; and then, in yet a few weeks more, may 
be flying at a height of 3^ to 4 miles on photographic 
reconnaissance over hostile territory, or engaged in 
aerial combat over the enemy’s lines. 

It is hardly an exaggeration to say that such a lad* 
is probably subjected in that short period of time to 
a greater strain than were his forbears over the many 
thousands of years of evolution. 

As a result of war conditions, there has been a sub- 
stantial increase in the .speed of aeroplanes and the 
heights to which they can attain. Despite improve- 
ments in aeroplane construction, and the increased 
reliability of engines, the nervous excitement and 
strain brought about by war flying have become 
greater. It is now necessary, not only to fly a 
machine, but in many cases to be able to stunt-’ 
it in a mqst extraordinary and nerve-trying manner. 
Aerial combats have increased, the aim of anti-aircraft 
guns has improved, and new tactics, such as ‘Aground 
strafing”, have been introduced. 

1 Owing to the requireraents of the censor, certain and figures given in 
this lecture have been omitted; other passages have been amplified, and addi- 
tional information inserted. 
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For the observer the scope of activities has also 
Income very much greater. 

lo addition to such nervous excitement, the in- 
creased height to which machines fly has imposed a 
great physical strain, especially upon the mechanisms 
of respiration and circulation— all this in addition^ to 
the physical and nervous stress encountered during 
the period of training. In short, in a relatively brief 
space of time the young pilot is called upon to break 
the ancient bonds by which man’s progress was tied 
to the earth, and to rise from ground -level to great 
altitudes, from comparative warmth to intense cold, 
from relative quiet to continuous rush and roar, from 
a state of equilibrium to one of instability, from mus- 
cular and mental rest to highly skilled and nerve- 
trying evolutions, from comparative security to pos- 
sible disaster, all this in a space of relatively a few 
minutes — with a return to earth at least as sudden — 
thereby subjecting himself to intensive, intermittent, 
and cumulative stimuli of a degree to which man has 
probably never before been exposed. It is obvious, 
therefore, that for such work the aviator must be the 
fitt^t of the fit. 

From the historical point of view the literature in 
regard to early aeronautics and to life at high alti- 
tudes aSbrds valuable information concerning certain 
Gf the present-day physiological aspects of flying. 
In other respects, however, it will be seen later that 
such information is of little value. 

In regard to the effect of altitude, the essential 
problem is that dealing with the diminishing amount 
of oxygen in the atmosphere. It has long been known 
diat with 17 per cent of oxygen, although a match 
will not burn, a man feels little or no discomfort. 
With 14 fKirtxnt the depth of bimthing is augmented, 
die WcNMi pr^sure slightly rai^, and the pulse rate 
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increased. With 12 to 10 per cent of oxygen in the 
atmosphere, nervous ‘‘exaltation” appears, approach- 
ing in many cases alnnost to an intoxication, so that 
the subject has the greatest confidence in himself, 
although in reality his mental capacity is greatly 
affected. This “exaltation” varies in degree with dif- 
ferent subjects, and has been studied by experiments 
in chambers from which the air has been gradually 
pumped out, by such tests as getting the subject to 
add up figures, to score out n’s and r’s in proofs, to 
bisect lines of definite length. For example, the 
writer, while testing oxygen apparatus iri a rare- 
faction chamber, has frequently experienced consider- 
able difficulty in reading correctly the meter at 
diminished pressures approximating to 18,000 feet. 
With a pressure equivalent to 22,000 feet, when not 
breathing oxygen, it has been subsequently dis- 
covered that all the notes made were practically 
illegible, and the writer at this time has been very 
uncomfortable and giddy. In contrast, an old sea- 
man, R.N., was able to assist in th^ manipulation 
of the apparatus without apparently showing signs of 
incapacity or distress. 

Finally, with very small percentages of oxygen 
there may supervene, without warning, paralysis, 
and, possibly, death. In the famous balloon ascent 
of Coxwell and Glaisher to 29,000 feet, Coxwell, 
suddenly finding himself paralysed in his limbs, 
managed to pull the rope of the safety-valve with 
his teeth, thereby saving himself and his com- 
panion. 

In another famous balloon ascept the aeronauts, 
Croc6-Spinelli, Sivel, and Tissandier, were all para- 
lysed before they could breathe oxygen from the bags 
with which they had provided tbemselves, although 
they had been warned by the famous French physi- 
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ologist, Paul Bert, not to wait until too great a height 
was attained before taking oxygen. 

It may be pointed out in passing that such accidents 
are not possible at the heights at present attained by 
aeroplanes- 

Mountain sickness is characterized in most subjects 
by headaches, nausea, and distress in breathing, 
especially on exertion. After a period of seven to 
ten days acclimatization takes place, mainly due to a 
new formation of haemoglobin, the oxygen-carrying 
pigment of the blood, or to an increased number of 
red blood corpuscles. Also, after the first few hours, 
an attempt at acclimatization is made, in so far as 
the blood is concentrated by a diminution in the 
amount of its watery portion, the plasma, so that 
its oxygen-carrying capacity is thereby relatively in- 
creased. 

In flying, even in a first flight, provided no alarming 
evolutions are indulged in, there is at first little or no 
^nsation beyond the sheer enjoyment experienced in 
rising higher mnd higher above the fast-receding 
earth. The depth of respiration is gradually but im- 
perceptibly increased, until, at a height of 12,000 to 
15,000 feet, almost everybody breathes through the 
mouth as well as through the nose. Following the 
deepening of respiration there is a quickening of 
the pulse, and, as the height is increased, a rise in 
the blood pressure. When a great altitude is reached, 
there appear, varying in different subjects at heights 
from 15,000 to 21,000 feet, muscular weakness and 
subjective and objective nervous sensations. Less 
often there is nausea and occasionally vomiting. 

Before the use of oxygen at high altitudes it was 
not an uncommon occurrence for an airman who went 
to photogra|fli at altitudes of 20,000 feet or more to 
believe from the results attained that his camera had 
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been at fault In reality the camera had been in good 
^vorking order, and it was he who, owing to muscu- 
lar weakness, could not pull the shutter, or, owing to 
his cerebral condition, forgot to change his plates. In 
some cases hallucinations occur at such high altitudes, 
e.g. the reporting of phantom hostile air-craft flying 
at quite impossible heights. 

Since, however, the length of even long flights is 
of relatively short duration, there is but little oppor- 
tunity for any acclimatization of the body to high 
altitudes. No airman can yet take the air and remain 
at a height of 15,000 to 20,000 feet for the seven to 
ten days necessary to give him any permanent degree 
of acclimatization. 

Supposing a man is a high flier, and has been in 
the air for 1000 hours in the course of to 2 years, 
it is probable that the time he has spent above 15,000 
feet is 240 hours (or lo days) at the most in that 
period. In other words, his total stay at a high 
altitude has been so short and so intermittent that 
there has been no time for any acclimatization to take 
place. It is this which complicates the subject of 
flying stress, and renders the information obtainable 
from previous literature of but Jittle service, thus 
necessitating the tackling of the problem afresh. 

It must be emphasized that in regard to the so- 
called illnesses associated with flying, one is not 
dealing with any definite malady, such as divers’ 
palsy or caisson disease, for disabilities resulting 
ftom flying are due almost solely to the wear and 
tear on the organism as a result of repeated inter- 
mittent strain upon the bodily mechanisms. The 
condition of fatigue which ensues as the result of 
flying may arise equally from other forms of stress, 
such as severe and prolonged exposure ii^he trenches. 

Gonsiderable misconceptian prevails as to theefifects 
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of diminished pressure on the human body. It was 
shown by Paul Bert, and has been subsequently con- 
firmed by other observers, that diminution of atmos- 
pheric pressure has in itself practically no effect upon 
the human body — which is composed of approximately 
70 per cent fluid — any alteration in external pressure 
being transmitted equally to all parts of the body, so 
that no effects due to pressure arise within it. 

The diminution in pressure experienced by aviators 
is quite insufficient to produce gaseous emboli within 
the circulatory system, and therefore there is no 
question of any “air disease” akin to divers* palsy. 

The only pressure effects which take place are those 
due to alteration in the volume of gas occluded in 
spaces which, although apparently within the body, 
are in reality situated outside it. For example, there 
will be a certain effect upon the gases within the ali- 
mentary tract, but insomuch as the amount of this 
gas is not normally large, and its expansion produces 
increased intestinal movement, such gas is soon 
voided from the body. 

More important, however, from the point of view 
of the aviator, is the air normally occluded within the 
passages leading from the back of the pharynx to the 
tympanic membrane of the middle ear, namely, within 
the Eustachian tubes. Since the passage leading to 
this membrane by the external ear is wide and the 
passage of the Eustachian tube is very narrow, and 
normally more or less closed, and since also it is im- 
portant that the pressure on both sides of the tympanic 
membrane shall always be the same, it is very neces- 
sary that the equalizing of pressure by way of the 
Eustachian tubes shall be easily accomplished, other- 
wise discomfort, pain, and giddiness may arise. 
Esf^cially is this the case when the pressure is in- 
cim^I through the external ear and not equalized 
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by way of the Eustachian tubes. For this reason the 
Eustachian tubes of every aviator should be clear and 
uncongested. This applies equally to both tubes, for, 
if one be free and the other blocked, dangerous 
symptoms due to changes of pressure may arise. It 
is important, therefore, that every flying officer shall 
be taught the correct procedure hy which to equalize 
the pressure on either side of the tympanic membrane , 
both during ascent and during descent. 

During ascent the pressure through the Eustachian 
tubes may be diminished by forcibly swallowing, 
when a clicking should be heard in both ears, or, 
better still, by the first stages of a yawning move- 
ment. 

During descent, particularly if very sudden, the 
pressure within the Eustachian tubes may be increased 
by holding the nose and gently insufflating by a 
blowing-up nnovement, when a clicking should be 
heard in both ears. 

A certain degree of discomfort may also arise as 
a result of alterations in pressure upon the air con- 
tained in cavities associated with the upper part of 
the nose, such as the frontal sinuses. If the passages 
connecting these with the nose be congested, pain 
and discomfort may be experienced in the region of 
the lower forehead. 

With these exceptions the effects of altitude are due 
to diminished oxygen tension and not to pressure, 
and it is obvious that the first thing required in any 
flier is that he shall he able to withstand the strain 
of frequently-repeated exposure to an atmosphere in 
whiclf the oxygen is progressively ditninishing as the 
height increases. Especial attention, therrfore, is 
devoted to this point in the selection of the flying 
officer. By ordinary clinical examination it is deter- 
mined tiiat his lungs are sound aad healthy, and an 
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idea of the power of a candidate to withstand the 
strain of altitude is obtained by directing him to hold 
his breath for as long as possible. It has been shown 
that the longer the breath can be held the higher, 
generally speaking, one can go without discomfort. 
The subject breathes out deeply to get rid of the ex- 
pired gases, and then fills the chest well and holds 
the breath with the nose clipped. During the time 
that the breath is being held the oxygen is gradually 
being taken from the lungs, and the subject is ex- 
posing himself to a gradually rarefying atmosphere. 
Although expired gases are accumulating during this 
time, research has shown that the point of breakdown 
is due to discomfort arising from lack of oxygen, and 
it has also been shown that the longer the breath is 
held the lower, generally speaking, is the tension of 
oxygen reached withi^ the lungs. 

It has been shown by careful correlation with more 
complicated tests, such as the analysis of the lung 
gas^ before and after holding the breath, that the 
airman who can fly at high altitudes can hold the 
breath a relatively long time (eighty to ninety seconds), 
and does not experience discomfort until the oxygen 
tension within the lungs is relatively low (about lo 
per (xnt), whereas the subject who always feels dis- 
comfort, even at relatively low altitudes, can hold the 
breath but a short time, and experiences discomfort 
even with a relatively good supply of oxygen remain- 
ing in the lungs (e.g. 14 to 13 per cent). The stand- 
ards of this test have been set by the examination of 
successful pilots, and at the entrance examination the 
capacity of the subject to fly high is estimated l>y the 
length of time the breath is held, and also by the 
nature of the sensations experienced during the hold- 
ing of the breath. 

¥aluable cx>nfirmatory information may also be 
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obtained by asking the subject to hold the breath in 
a similar manner after graduated exercise. By nneans 
of the exercise the heart heat is increased in rate, as it 
is at high altitudes, and from the length of time the 
breath is held, and from the sensations experienced, 
an even better idea can be gathered as to the endurance 
power of the subject at high altitudes. 

By examination of successful aviators it has also 
.been shown that the vital capacity — that is, the 
amount of air vrhich can be taken into the lungs after 
the fullest expiration and fullest possible inspiration, 
should be sufficiently large. To test this, a special 
modification of an ordinary gas-meter may be em- 
ployed. After having filled the lungs in the manner 
mentioned above, the subject is asked to expire as 
deeply as possible through the meter, and the amount 
of the respiratory capacity is thereby automatically ^ 
recorded. The average vital capacity of the successful 
pilot is about 4.000 cubic centimetres, and the vital 
capacity of any flying officer should preferably not 
fall below 3400 cubic centimetres, whatever his 
physique. 

This method of measuring the lung capacity is 
altogether more satisfactory than that of measuring 
the chest, whi<:h may give totally deceptive results. 
An apparently narrow-chested individual may often 
have a larger vital capacity than a subject who, to all 
appearances, has a large chest. 

It is important that the candidate for aviation should 
have good chest movement, and a firm abdominal wall. 
Preferably also he should be a deep breather. By 
slow, deep breathing more air is taken in to the 
lungs than by more rapid, shallow breathing. 

The importance of a fi.rm abdominal wall for good 
respiration cannot be overstated. Resea;rch in con- 
nection with successful pilots has shown that those 
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who wear well have good expiratory force. From the 
examination of successful pilots a standard expiratory 
force has been fixed, namely, the height to which 
a column of mercury can be blown. When flying 
stress is supervening the power to blow up a column 
of mercury is decreased. 

A variant of this test is to note the length of time 
during which a definite pressure of mercury can be 
sustained with the breath held. If necessary, the 
behaviour of the pulse may also be watched, and, 
from the nature of the response, valuable information 
is obtained as to the condition of the subject under 
examination. 

Soundness of heart is as essential as soundness of 
wind. Over and above evidence of soundness by the 
ordinary clinical examination, proof is obained that it 
will respond efficiently to work. In flying, the heart 
will have increased work thrown upon it, sometimes 
in a much rarefied atmosphere, and the quicker the 
heart beats, even at ground-level, the more oxygen 
it requires. 

Under stress of work at ground-level the heart-beat 
rises frequently to loo, but at great heights the rate is 
often considerably more than this, which means that 
under these circumstances an increased oxygen supply 
is necessary, with a lessened supply available. For 
this reason alone it is very important that the heart 
should be sound. 

At the entrance examination for pilots for the Air 
Force, therefore, a test is employed which has been 
stendardized by the examination of successful pilots. 
This consists in raising the body on to a chair five 
times in fifteen seconds. The standard increase of 
pulse rate which takes place in good pilots is known, 
and the time of the return to normal is also known, 
and, from the figures obtained, an idea as to whether 
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in the subject under examination these are satisfactory 
or not can be assessed. 

It has also been found that in good pilots the pres- 
sure maintained within the circulatory system between 
the beats of the heart (known as the diastolic pressure) 
is relatively high, and that the difference between this 
pressure and the pressure when the heart is beating 
(the systolic pressure) is not more than 30 to 40 milli- 
metres of mercury. The difference between these 
pressures should not be too great, and the diastolic 
pressure should certainly not be low in any subject 
passed for aviation. 

It will be seen that in the examination of the candi- 
date considerable reliance is placed upon instrumental 
examination. Such examination gives definite results, 
which can be recorded so that another medical officer 
at a subsequent stage in the career of the candidate 
can contrast the condition of the subject then found 
with. that found previously. In this way the medical 
officer of an aerodrome is able to overhaul the human 
engines under his charge, and to say whether they 
are functioning well, wearing well, or showing signs 
of stress, and, if the last, to take appropriate measures 
to prevent it. For this reason, all such tests should 
be of the simplest possible nature. 

In addition to wearing well, that is, in addition to 
being sound in wind and heart, other qualities are 
necessary for the pilot to become a successful aviator. 
Most important of all, he should possess die flying 
temperament. This, however, is very difficult to assess 
from a medical point of view. 

Generally speaking, one prefers a man possessing 
what may be termed the ‘^sporting tempemment*^ 
The successful flier is practically always a spor^man. 
He generally takes up flying because he looks uf^n 
it as a sport/ His previous record in games is in- 
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WMfmhly Often there may be a history of some 

areklf nf or accidents probably due to the enthusiasm 
ami wcklessness with which he has pursued his sport. 
For example, enquiry has shown that a history of 
ronfussion in itself is not, as was once believed, a bar 
lo acffptance for flying. As many as 40 per cent 
of successful pilots examined gave a history of con- 
cussiofi or unconsciousness. Such concussion is fre- 
quently associated with a degree of reckless enthusiasm 
soadi’antageous in the flying ofScer. There can be' no 
doubt that the youth who, greatly exceeding the speed 
limit on his rnotor cycle, dashes into some obstruction 
and ‘‘flics'* over it, is the possessor of the correct 
tempcmiii'ent to make a successful flying officer. 
Tlicrefore, a history of concussion in itself is no bar 
to admi.ssioii for flying, pro%dded that at the time of 
examination there are no signs of nervous instability. 
Rather it is in his favour, since it shows that he is 
p€««ssed of a nervous system capable of recovering 
liwn a certain amount of shock 

Considerable divergence of opinion exists as to 
m'hmMr the emotional or unemotional subject is likely 
to mate the better flier. The French authorities pay 
comsWerable attention to so-called “ emotional reac- 
and by such mmns sel^ their fighting aviators. 
Fw example, by the firing of an unexpected pistol 
the eSKt mfom the respiratory and ciiculatoiy 
is dctemiinexi. This form of examination 
has iweivei m much attention, in this a>untry, 
l^t the »>-caIl«l ‘‘•emotive** test recently described 
by^Dr. A. ,D. Waller, F.R,S., might be helpful in 
arriiing at an m^ssmmt of the flying temperament. 
Ift means of appli^i the do^rsum and 

^ the hand, a te conne^al in series 

with L«Ianch4 cells and a |^.lvi,.iioiij^r, an em'Otive 
wsp^ftjc is shown by the^ lator, nM imly to- physical 
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stimuli such as burning, unexpected noise, or smell, 
but also to psychical stimuli, such as apprehensioiii 
questions, and thoughts, pleasant and unpleamrit 
From many experiments made on various indi^^iduals 
it has been found that there is a marked difference 
in emotive response, and it would 1:^ of interest 
to know the nature of the response given by the 
examination of a series of experienced and suocessfiii 
pilots. 

The successful sportsman piossesses not only 
ness of heart and wind but also valuable reiexes con- 
nected with delicate muscular <XH>rdinaticiii, acuity 
of vision and hearing, all necessary attributes in a 
successful flying officer. The ca|mble hon^inan is 
likely to possess the correct lightness of hand to con- 
trol in delicate &shion the joystick of the Eeroplane. 
He has probably also acquire, by cutaneous and 
muscle sense, especially from the buttocks, a lively 
^Uprehension of the position of his body in relation 
to his seat 

The question of Ixilance is, however, a rather diffi- 
cult one. In Allied countri^ much attentioii has 
been directed to the examinatfen of the labyrindhine 
mechanism of the internal ear. This m^hanism as- 
sists mainly of three paiis eff semicircular 
filled with fluid j the sensatitms from th«» yield in- 
fonnation as to the position (£ the head in regard to 
the three plan^ of simc^. Although piacth^ in this 
<x>untry, such detailed examination has nc^ bail » 
great a vo-gue, sin(» it is realised diat the tKipufc^ 
from the labyrindi must always teasM5ciateci in flying 
widi the xmse of viskm. By ve^bular iinp«l»s 
alone the aviator auinot toll the pcmtiim his machine 
in regard to ffie mrtih,. and is litely to e»er|^ from 
a thick doud upside down. Generally the 

Mrman deriw^- mtBt of his knowledge in rc^Ki to 
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the ^sition of his machine in space from his sense 
of vision, tlic feel of his joystick, the feel of his seat, 
the direction of the rush of the wind upon ^his 
face and the singing of the wind through the wires 

of liis machine. 

A medical man who w^ent up as a passenger in 
an aeroplane, with his eyes bandaged and ^ his ears 
plugged so that he could not hear the varying notes 
of the engine and thereby gather information as to 
what was taking place, was unable after the first few 
ininiites to inform his pilot by telephone, with any 
degree of aixuiacy, the fK>sition of the aeroplane. ‘ In 
fact, he exf^rienced the sensation that he was con- 
symtlf rising. 

This fact was also brought out to the writer in the 
following manner: greatly occupied by an instrument 
in the bottom of the fuselage, he suddenly cast his 
gknct; out of the aeroplane and received the impre'S- 
sioa that he was looking at the side of an enormous 
mouiitain. He quickly, however, appreciated the fact 
that, in reality, the apparent mountain was the flat 
mrth below, and that he was in the middle of a steep 
vtftfcti turn Without being aware of it. 

Goirf eyesight is cf extreme importance for the air- 
man in all branches erf his work. In |mrticular is 
this m for the sowting pilot, and it is a point of 
iiifewrst that it has b^n found that nearly all scouting 
ptl^ are irf such acuity of vision ; it wilt 

^ of interest to detaniine how much of this was 
M^mmd before flying scout machines, how much as 
a resalt of the training fi«:^sary to fly and fight in 

G'^i cok»r vision is also nec^saij for mx^nizieg 
sigaais, iitatifyiaif tra>f», and judging tiie nature of 
lasdiiif-grou»d& Goerf night vision is r^uisite for 
all p'l^ who iy by night, and it is mm ^reTOgmized 
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that this acuity of vision is considerably greater in 
some persons than others. Tests for this of 

vision are accordingly being made. 

Good hearing is also of importance, not only for 
ordinary apparatus such as the telephone, but* also 
because a pilot should able to judge to a certain 
extent whether his engine is running well or not; 
as already mentioned, he derives inforination from 
the singing of the “wind through the wires. For 
many pilots, however, it is perhaps as well for ihtiB 
not to have tCK> keen an appreciation of the mneing 
of an engine by its note, but only whether it is run- 
ning really well or really badly. 

Finally, in addition to good vision, hearing, and 
sense of touch, it is important that the aviator should 
possess good ** reaction times", which is to say that 
he should translate the impulses received from the 
above-named senses into the appropriate na:f*^ry 
actions in at least normal average time, and, in the 
case of the scouting pilot, in times than normal. 

The importance of such reactions is seen in all 
stunting, since, with the aid erf these the avia- 

tor, by appropriate movement of the joystick, must 
complete his evolution, and any delayed r^^^nse may 
result in diflBculties — or even in disaster. 

Such, in brief review, are the main physiological 
aspects of flying. The manner in which such know- 
ledge is applied to the efficient care of the mirtmm 
cannot be' dealt with here. Suffice it to say dmi the 
keynote of such care is preventive, and, sine* physi- 
ology is the servant of medicine, much ux is made irf 
tine m^^hods here reviews! in determining the 
of any di»Miity which may develc^. By mom 
elaborate m^'Wls disability at high aWtoitt may 
investigate! and hs ftroe nature ^ug hi* 

The care of tic flying <Mmr h a giml privilege. 
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Mo trouble can be too great, no care tcK> skilful, no 
research too laborious in the endeavour to preserve 
and defend these youthful knights of the air, who, in 
defence of home and country, with gladsome and 
buoyani heart, on their new-found steed, soar daily 
forth ‘‘per ardua ad astra". 

M. F. 



THE AN^ROBIC TREATMENT 
OF WOUNDS 

A layman, if he has to address a p^nrely 
audience on a medical subject, labours under an 
ob¥ious handicap, and I have been glad, Iherefoie, 
to avail myself of the opportunity of these lectures to 
lay out for wider reception the matter of some investi- 
gations carried out at Reading War Hospital, which 
will, I think, have at least a topical inlerest for 
most people. 

While the war has closed many avenues trf ad%"aiioe- 
ment, and academic studies languid, it has c^nai 
many other roads which might have remained un- 
trodden for long enough, and has proved an enor- 
mous stimulus to certain aspects irf knowledge. 
Naturally this is the case in a superlative degree with 
medicine. War conditions and war ne«Is in surgery 
are almost entirely foreign to civilian praclioe, espe- 
cially in regard to the extensive nature irf the in- 
juries, their gross infection, and the chance which 
sepsis often gets of laying hold <rf the patieafs sys- 
tem before thorough treatment pcmiblew To 

face such circumstance the civilkn surgeon 

ab incepio. He has to learn his anew, and 
out of that fiery trial, of strength,, in which all acceded 
methods have teen put to fighting proof, it is 
surprising that things novel and uncspected should 
come to light 

Two ^hools of wound ■ tim-tintiit have hilhcfto 

ai 
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diridei opinion between them. The first is the anti- 
*it"ptic sc!ic)o!» of Listerian tradition^ the other is the 
“ physioloi^icar' sch(K>l of Sir Almroth Wright. Of 
ideas there are many current modifications which 
fill not need to be entered upon in detail here, except 
in sij far as they directly concern our present subject. 
It will suffice to say that under both headings there 
are two main sub- divisions, those of irrigation 
methods and of packing methods. Treatment by 
antiseptics, however applied, has behind it the weight 
of long experience,, but nevertheless it breaks down 
in the greater majority of cases when confronted with 
the dtipif esiublisked infections of war wounds. The 
practical experience of surgeons in France and else- 
where has shown that antiseptics can only be relied 
.upon in conjunction with surgical excision of the 
dtiiitg«l tissues, a procedure which is at once more 
mutilating and more dangerous than anyone would 
wish. Moreover, in very deepw^ounds, or if important 
organs are involved, excision may be anatomically 
ifa|»ssible; and even in the best of cases, if no 
freshly -I it infection of the new surfaces takes place, 
the proowlure is cumfc^rsome, and a)nvalescence is 
fno« or less delajirf; in the mc^t severe cases- very 
much inoie than less. 

If excision beadmittai as a practice, then *‘Carrel« 
Dakin irrigation with hypochlorous acid, or packing 
with B.LP.R (the Wsmuth-iodoforiri-paraffin paste of 
Mori»fi) may, with reservations, produce a satisfac- 
tory final result; but the reservations are very con- 
siderable, and it is safe to say that no -antiseptic exists 
which is iriily non-irritant amd efficacious in such a 
degree m to difninish them. 

Wright *s method depeirfs up^a simple irrigation 
with hypitonic »line, without the applicmtioii of any 
The basis irf this practice is tihe be-lief 
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that the saline produces an exosmosis of serous lymph 
from the tissues, bathing the injured surfaces with 
protective substances and chemotactically attracting 
leucocytes in such numbers as to overwhelm invad* 
ing organisms- There is no doubt that this marks a 
great advance on the antiseptic methods, and, with- 
out necessarily accepting the physiological eiplan^- 
tions given of its action, one may admit its relative 
efficacy. Nevertheless it has, in common with anti- 
septic methods, two serious drawbacks which invali- 
date it for war surgery. One is its cumbroiis appli- 
cation, which excludes it from field ofxratlons, and 
the other is the slow progress of recoveQr in extensive 
sepsis. 

To overcome these difficulti^ Colonel H. M. W. 
Gray devised his method of packing with solid salt, 
a method which perpetuates the merits of Wrighfs 
treatment without its disadvantages, while the wound 
follows more or less closely the same course of 
changes which Wright lays down as essential to 
proper healing. Presenting such obvious advantages, 
this method has enjoyed wide popularity, and the re- 
sults have been usually excellent- Even where olii- 
standing infections, with dirty, sloughy wounds, have 
to be treated, with the patient frequently ninning a 
high temperature and in great pain, the miniaamin of 
operative interference is called for. After the intno- 
duction of the packs the {mtient can left 
to nine days without redressing, a great g^in in rest 
and mental quietude for him, to say nolhirig of the 
surgeon. By the third day the temperature logins 
to come down, the patient f^ls comfortable, and the 
l^in abates, ewen in 'otetinate cases. Wien 
the packs are removed, the wound is found to 
tmth'^ in yellow pus,„ and the rfcmgis have l^n re- 
diw:ed at least to thin flakes which caa be detaeh«l 
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simple washing with warm saline. The surfaces are 
fooud to be covered by vigorous granulation tissue. 
The wound may be sutured or skin-grafted, and heal- 
ing is uninterrupted. 

This is the course of successful salt-pack treatment 
By all the th^ries of the physiological school the 
lympliagogue and leucocyte stimulation by the action 
of the salt should result in the subjugation of the 
bacterial flora infecting the lesion, but numerical 
analysis of the flora, at all stages of the treatment, 
reveals undirninished numbers of organisms up to 
the time of removal of the packs. There is evidently 
more in the treatment than meets the eye; but yet 
no theoretical explanation of these observed facts has 
been forthcoming. 

One of the most clearly apprehended points in 
salt-bag treatment is the terrible odour, which is ac- 
companied by blackening of the injured tissue, scar- 
ing the old-fashioned surgeon with visions of gan- 
grene. Far from that— it is the signal that all is going 
well. Major Leonard Joyce, of Reading, was the 
first to 0bser%’’e that stench and cure go hand in hand. 
No smelb no blackening; no blackening, no cure. 
Here lay the key to the puzzle. Following his obser- 
I’-ation, the matter was investigated bacteriologically 
under the inspinition and direction of Dr. Robert 
Donaldson,^ the bacteriological specialist, and it was 
found in the laboratory that from the pus of success- 
ful cases a large oval-spored anaerobe of a strongly 
prote^'lastic nature could invariably be isolated, 
mobile it was Just as invariably absent from the un- 
successful cases, which did not smell. This was 
christened *‘the Reading bacillus *1 It remained to 
detemifie the relationship of the bacillus to the treat- 

» S« lit* prdlmiaaiy mmmt % Dr. Dwmltoo and Major Jcyce in TAe 

LMM££f of smd 1917. 
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ment. The organism is a stri€:t anierobei buU like 
most of its kind, it will grow without anaerobic pr«- 
cautions in broth containing after the metticxi 

of Tarozzi. This in itself is significant if coin^recl 
with the conditions in a wound. Such meal hroti, 
made from the recipe of Miss Robertson, is an ex- 
tremely valuable medium for anaerobic cultures- In 
this medium, if it be sown with passive spores of the 
organism and incubated at 37"* C., there Is little change 
until the third day, when blackening and solution 
of the meat begin, and an odour develo|» which is 
unniistakably that of the salt-pack- treated wound. 
Notice, by the way, the correspondence between the 
period of germination in the meat brmh and the time 
taken for the odour to develop in the wound— in both 
it is two to three days. Experiments 00 anifnals 
showed that the bacillus, now isolated in pure culture 
by a method of dilution, from single organisms, was 
non -pathogenic and non -toxic, however inoculated, 
and that it had no power to invade the blood stream 
or to attack living blood or tissues. 

It is impossible to overlook the bearing of tlie« 
observations upon the action of ^lt-i»cks, and as it 
was thought that the packing and the outfiow of serum 
which results might provide anaerobic randitions spe- 
cially favourable to Ae organism, it was determined 
to intrcKluce it, in pure culture, into a salt-pMfeed= 
case which had failed to improve, and which, there- 
fore, did not smell. Mo risk was inverfved in this, 
as it was constantly present in just tho^ very ca^ 
which did test. The first time a cme of 
salt -packing* pre^ntexi itself it was d^idei by Dr. 
Donaldson to sow it and repack the woumd as before. 
This time, in contm^ wifh the prevkw ti^f it fol- 
lowed a |wrf«5iy normal and sncc^fol i»urie, and 
the organism was eventually recovoed frcwi the pis* 
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Repeated experiments of the same nature ^ave iden- 
tical W'sults, and it seemed therefore that we had laid 
our hands upon the vital factor in the success of salt- 
pack treatrneot, namely, the fostering of a particular 
an«robic bacillus in the wound. All the same, it was 
still uocertaiii what part the salt played in the matter, 
and how far its lymphagogic action was responsible 
for the results; also whether the repacking process 
had an induence. This was determined by 

eliminating salt altogether in certain test cases, and 
sttbstituting inert packs in the first instance, employ- 
ing cither sphagnum moss or simply plain white 
game The results were identical in the process of 
Ttcovtwy with the normal salt-bag treatment. Now 
W€ are in a position to say that the lymphagogic ex- 
planation of salt treatment is at least unnecessary, for 
identical results can be obtained with a perfectly inert 
dressing, provided that our proteolytic bacillus be 
present. The tecillus alone appears to be the cura- 
tive agent, and this in spite of its association as- an 
aii«rote io the same class with several of the most 
vimlcnt of O-rganistns, e.g. Bacillus tetani and B, per- 
and the just fear that has ever attended infec- 
tion with any anaerobic bacteria, flowever, the whole 
classification and ^gregation of a.naerobes is still so 
chaotic that it is easy fo believe that very deep dis- 
tincliofis nmy uiKierlie superficial similariti-^, as is 
apparently the case here. 

There dc»s not appter to- be any obligatory relation- 
ship txtween the R-eading t^illus and the salt, nor 
fi« it any $|^ial predileK^tion for a medium of high 
loiiKJity. Its limit of ^leiatioii of salt ^ wUra is 
cl«cly similar to that of most pyogenetic organisms — ■ 
per cent In my case it has fc^n shown by 
imt^tigalors of mlt faking that the outflow trf seruin 
is so large that the sidl is rapidly leached 
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out of the bags, and the concentration in the wound 
at the end of twenty-four hours is not above 2 per cent. 

Ifj then, the Reading bacillus is simply^ a sporadic 
organism, accidentally fostered by salt-packing,, what 
is its actual role in effecting cures? 

The increasing use of excision, imperfect though 
that method is, shows that the vital importance of the 
dead tissue in a wound is becoming more fully realized. 
However small the trauma inflicted, some devitalized 
tissue there must be, and the efficacy of either anti- 
septic or saline treatment diminishes in proportion as 
the amount of necrotic material present rises, so that 
the cleansing of a wound really implies the removal 
of the dead tissue, rather than its assiK:iatad micro- 
organisms. Antiseptic ^treatment, on the other hand, 
aims simply at the poisoning of the organisms pre^nt, 
and if the dead matter be abundant this is just what 
no antiseptic surgically applicable can do. The deM 
tissue forms the basis which gives the infecting organ- 
isms foothold in the wound. So long as any organ- 
isms at all remain alive, shielded, it may be, from 
antiseptics by the adsorptive powers of the albuminoid 
masses in which they are embedded, the infective 
attack steadily continues. Decomposition prcducts of 
general toxicity may be liberated, and op|xntunity 
afforded for the elaboration of the sf^ific l^cterial 
toxins with which the adjacent but healthy tissi^ are 
bombarded, their resistance lowered, and the aim of 
septic infection automatically spread. To remove the 
dead tissues is to rob the enemy of his supply bit«, 
and thus to circumscribe the development of the in- 
vaders within limits which the resistant powers of the 
body itself can quickly deal with, if ttey are profxrly 
'Called forth, and not interfered with by the aitiffcial 
irritation of antiseptics. This relM of the tissue 
from continual, intoxication is, cf course, wtsat is 
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aiiBed at through excision, but it is obvious that a 
strongly proteoclastic organism which is non-toxic 
presents greater possibilities for the removal of dead 
cells than the surgeon can ever hope to rival. It can 
dissect cell from cell, and removes practically all the 
devitalized tissue in a few days, destroying the hold 
of the pathogenic organisms without inflicting any 
fresh injury which might in its turn become the gate- 
way of renewed infection. The important thing is 
that the products of its proteolysis, evil though they 
appear to our senses, are, chemically speaking, simple 
and non-injurious to the tissues, so that by the time 
the salt packs are removed the body has been almost 
completely relieved of the strain of the toxin infiltra- 
tion, and the dead tissue is reduced to a mere shred 
or two, which may be detached at once. Thus all the 
forces of repair are enabled to work unembarrassed, 
and strong granulations rapidly form. Proteolysis, 
then, is to be regarded as the foundation of the method, 
and towards its furtherance investigation should be 
directed. Not that this is the only time that proteo- 
lysis has been urged as a satisfactory method of 
ridding the wound of dead tissue. It has been 
strongly advocated by Morgan, Saner, and Schle- 
singer as the result of practical experience in France, 
and we undei^tand that the Germans also have used 
some peptonizing ferment as a wound dressing; but 
a metht^ which makes the wound itself the focus of 
eniyme prcduction, and thus avoids any trouble of 
renewal or possible imperfec^on of application has an 
intrinsic superiority.^ 

^ It h to fetjaerabrar tl»t of tbe Buttrawort {Pmgmcuia 

irbMi wrete a Im’fe been imiricnacMrially osed 

by tb« siwplierds erf tbe Alf» « a one for ttlcers on tbe pdclers of cows. It is 
IxssiWe that many wwiiagly irmt}c»d bdic^ im folk-iaediciiie, such "as cow- 
dtiiif tbmpyr My fiad aa eiplaimtkm m the actlidiies cf jw^eolytlc organ- 
isras. as m cw ptwmt case. 
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Our own laboratory investigations have been largely 
intended to elucidate the physiological conditions 
governing the growth and activity of the bacillus and 
its relation to the pathogenic organisms and to anti- 
septics, which we must speak of shortly. The treat- 
ment which has so far given the best results is simply 
that of sowing the wound (after washing out with 
saline or water) with a culture of the organism either 
active or in the passive sporing state, it dcMJS not 
matter which, and then packing either with salt if 
the wound be deep, or sphagnum moss in the? case 
of wide-open injuries. The only reason for the sug- 
gested differentiation is that sphagnum^ has a tendency 
to swell in contact with serum unless it has prev»iisly 
been w^ell soaked, and this in a narrow cavity may 
cause pain. If it has been soaked and wrung of 
sterile water it may be used just like the 
whichever is most convenient, there is no differciKc 
in effect. 

With salt the pain is transient, and the heavy out- 
flow of serum very soon soaks the dressings, reducing 
greatly the strength of salt in contact with the tissues. 
One point must be carefully attendai to. The wound 
must be quite thoroughly opened up, so that the 
culture and the packing may have free access to every 
crevice. Failure can invariably be traced to insuffi- 
cient opening, or to the presence of ^me ttnsusp«:tel 
sepsis progressing elsewhere uncheckai. Without 
opening and proper packing success cannot tootel 
for. It is valueless to inject the organism inloa 
space, and, as gas is formed in the process of pro€«>- 
lysis, may even be dangerous. When the j^cks have 
been removed' and tilings have gone well there is no 
need to renew them, but simple saline dre^ings may 
take their place, and measu^ be taken for dcBing 
the wound in the usual manaen This is usually an 
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easy matter, as the surface is left in ideal condition 
for junctioning. Cicatrization is uniformly satisfac- 
tory. The possibility of secondary infection dis- 
appears with the last slough, and the remaining 
spores of the Reading bacillus are destroyed by 
the blood cells once the dead matter is removed, 
so that no special technique is needed to get rid of 
them. 

Here then we have the paradoxical claim that 
septic infections may be overcome by the introduc- 
tion of another bacillus into the infected centre, and 
the establishment of anaerobic conditions therein. 
We have had before us cases with a very wide range 
of infections, all of which have been carefully followed 
out, and although we have not had any case of active 
gas-gangrene to deal with, the salt-pack treatment 
has been found by others to cope with such cases 
just as efficiently as with the aerobic infections which 
are more common. The same can be said with regard 
to secondary haemorrhage, which is very satisfactorily 
dealt with by salt-pack treatment, although digestive 
action near an injured artery, together with the fact 
that Reading bacillus digests blood clots, would really 
seem thoroughly improper if we allowed ourselves to 
be guided by a priori ideas. Here again experiment 
outruns hypothesis. 

The extreme simplicity of the method is ideal under 
war conditions. There is no need to wait until the 
casualty can be removed to a base, or to England, 
before constructive treatment is commenced. At the 
advanced dressing-station is none too soon to start, 
instead of leaving men, with inadequate attention, to 
go from bad to worse. Even without the initial pos- 
sibility of surgical opening up of the wound, all that 
is primarily required is that an ampoule of the culture 
should be broken over the injured part and dressings 
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of soaked sphag-num^ applied and bound on. Sienlity 
simply does' not matter if the Reading bacillus is in- 
troduced, though the usual precautionary injection of 
anti-tetanic serum could not safely be omitted. Under 
such treatment sepsis will get no chance, for the con- 
trolling agent is already holding the field, and active 
repair will proceed, even though the case be left 
absolutely without attention for more than a week. 
Instead of men reaching base hospitals at the lowest 
ebb of vitality, they would be already well upon 
the up-grade, all the advantages of which need no 
emphasis. 

The progress of infection in the cases under treat- 
ment has been carefully followed out, and it has been 
invariably found that the infecting bacteria were 
nearly, if not quite, as numerous when the packs 
were taken out as when they were put in, although 
the proteolysis of the necrotic matter which had been 
their breeding- ground had put an end to the septic 
conditions. What made this the more interesting 
was the rapid drop in temperature and pulse, begin- 
ning usually on the third day. The patient feels 
relief, and the return of normal regularity of sleep 
and appetite some time before the completion of the 
proteoclastic cleansing of the wound, indeed just after 
its commencement; and although the solution of the 
dead tissue must be regarded as one of the principal 
benefits of the method, it looks as if it were not indeed 
the primary one, but that something more rapid takes 
place as well. Take into consideration the view that 
the bacterial toxins are albuminous, and it is evident 

1 Colonel Gray has recently found tliat packs of paraffia are just as 
efficacious as Morisori’s B.I.P.P., which is as mtach as to say tliat the anti- 
septics in that conapound are without pmadye pgniftcaaGe Tlais 
though wre have no direct proof of it, that tire action cf the Reaciiag bacilliis 
may be traced in both these methods of procedure, which the effect of 
closuring a wound in au anaaohic inanmcr- 
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that the proteoclastic activity of the bacillus may be 
directed to their hydrolysis as well, thus ridding the 
patient, from the start, of that bombardment of toxins 
which makes such a drain upon the resistance of the 
system. There is no bacteriolytic effect upon the 
pathogenic organisms arising from the action of 
Reading bacillus. That can be shown by prolonged 
symbiotic culture with both living and dead organ- 
isms. The numbers, after reaching a maximum, 
remain sensibly constant to the end of the experi- 
ments, which agrees with what has been previously 
mentioned as occurring in wounds under this treat- 
ment. One is not therefore dealing with a case of 
organismal antagonism, if such a thing really exists 
among bacteria, and the explanations of Rumpfs 
B, pyocyaneus treatment of enteric are not valid here, 
unless that too depends, iti reality, upon the protease 
of the curative organism. 

When we turn to the action upon toxins the results 
are totally different. I regret that I am not at liberty 
as yet to giv'e full publicity to the results obtained, 
but they may be briefly outlined thus : — 

Taking the toxins of tetanus and diphtheria as two 
of the most virulent, and therefore most suitable for ex- 
perimental observation, it has been found that contact 
with the Reading bacillus so reduces the toxicity that 
animals will withstand up to one hundred times the 
minimal lethal dose without serious inconvenience, 
while control animals are killed by even less than the 
specified minimal dosage. Similar results are pro- 
duced with the anaerobic B. perpingens^ though they 
cannot be pushed so far owing to the large doses 
required. This amounts almost to definite proof that 
the toxins, being protein by nature, are split up by 
the proteoclastic organism into derivatives of a much 
simpler and non-toxic order, thus confirnoiing recent 
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work on the proteolysis of the vegetable tox-albumens, 
ricin, abrin, &c. If this be true, it is evidence of a very 
generalized power of protein-attack in our bacillus. 
To make the matter more certain, the toxoclastic effect 
of (comparatively) pure tryptic enzymes has been 
tested, with precisely similar results. The view we 
have suggested is borne out by such results. The 
earliest effect in the wound is apparently the breaking 
down of the tox-albumens, with the consequent im- 
mediate release of the body from intoxication, long 
before the process of removal of devitalized cell-tissue 
is completed. With such an agent septic infections 
hardly matter, they are cut of behind and before, and, 
if taken soon enough, get no chance even to establish 
themselves, no matter how virulent they be. The his- 
tological observations of Bashford show that the cocci 
and aerobic bacilli infest the upper layers of dead 
substance in septic wounds, but that the chief seat of 
anaerobic organisms is below them, next to the unin- 
jured cells, forming, as the Reading bacillus literally 
does, a screen between the system and the other 
bacteria. 

Clearly we have in these observations of toxolysis 
a phenomenon of much wider import than that which 
concerns wound treatment only. The therapeutic 
significance of these results yet remains to be seen, 
but if bacterial toxins can be neutralized by the 
action of tryptic enzymes it opens a new field for re- 
search which may well prove of the greatest value to 
humanity. 

Among the very various antiseptics applied to wound 
treatment, one only stands out by virtue of its proteo- 
clastic properties. This is Eusol, a solution of chlori- 
nated lime and boric acid, which has only very slight 
germicidal powers,^ but which proves unusually suc- 

Oivea a solid meat pabuluni, Rcading^^ bacillus will grow in tbc pres^ce of 
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cessful in irrigation treatment, chiefly, as some advo- 
cates contend, because it dissolves sloughs. Of course 
for the simple question of wound treatment an enzy- 
matic reaction possesses marked advantages over a 
simple linear chemical one, such as the action of Eusol, 
but the interest here lies in the apparent power of 
Eusol also to attack toxic proteins, since Dean, in 
Manchester, has shown that it reduces very markedly 
the toxicity of vaccines of the Shiga dysentery bacillus. 
What is more surprising is that animals inoculated 
with these de-toxicated vaccines are immunized in 
just the same way as by the unaltered toxin. Now 
if this be the case with Eusol, how much more is it 
likely to be true of tryptic enzymes with their vastly 
greater proteolytic and toxolytic activity.^ 

I would suggest that to this phenomenon of tryptic 
toxolysis we may look for very great future extensions 
of the scope of active immunization against bacterial 
infections. 

Again, Lorrain Smith, Ritchie and Rettie, of Edin- 
burgh, have found that intravenous injections of Eusol 
are of great value in combating septicaemic and tox- 
aemic conditions, and they have widely urged their 
employment. This seems to be merely another aspect 
of the same toxolytic effect, and, as before, one feels 
inclined to point to the superior powers of the proteo- 
lytic enzymes and plead for their trial in the same 
manner. Indeed, taken in conjunction with Abder- 
halden’s discovery of a proteolytic enzyme in red 
blood corpuscles, as well as the evidence brought 
forward by Achalme, P. L. Marie, and others, of the 

ixEdiluted Eusol. As with other antiseptics, however, the apparent resistance 
of the organism used for experiment depends strictly upon the numbers intro- 
duced, a fact generally overlooked 

1 Those desirous of further information are r^erred to a paper by Donaldson 
in the Imtr. Path, and Bact.^ Vol. XXII, No. % iprS. 
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powerful protease contained in myelogenous leuco- 
cytes, and, further, the increase in peptolytic enzymes 
obtained in the blood serum by albuminous inocu- 
lations, one cannot avoid a suspicion that we may 
here be dealing with part of the mechanism of natural 
immunity, and that the various protective substances 
met with in specific sera are no more than various 
stereometric modifications, specific to certain substrata, 

‘ of a proteolytic enzyme of normal blood ; in which 
case we might produce passive immunity at once, in 
septicaemias, by the intravenous inoculation of widely 
active proteoclastic enzymes of one sort or another, 
such as the filtrate from Reading bacillus cultures 
rather than by the roundabout method of introduc- 
ing the specific enzyme in the serum of another 
animal. 

The same principles may be extended to cover the 
case of enzymic or veninous assaults upon the system, 
since it appears probable that a protein group is an 
essential part of their molecules too. 

There are other possible extensions. Basing our- 
selves upon a proteolytic theory of serum immunity, 
one may regard anaphylaxis as the result of an 
abnormal reversal of the usual hydrolysis, leading 
instead to accentuated synthesis of the introduced 
toxin, the eventual balance of the reactions being 
sensitive to extremely small additions of the original 
substance from without. 

Such questions lead us far from the treatment of 
war wounds, but they arise spontaneously from the 
legitimate subject-matter of this paper, which points 
directly towards them, and it is too much to expect 
a mere human being to turn his back deliberately 
when such glorious, if perhaps distant, prospects 
unfold themselves to his yiew, with their ambrosial 
suggestion of great good to come. 

( 0948 ) 
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It only remains to depict in a few words the per- 
sonality of the Reading- bacillus itself. Morphologi- 
cally it is a large gram-positive organism with 
rounded ends, which forms a large oval spore, either 
subterminally or, less frequently, centrally, after thirty 
to forty hours incubation at 37"" C. At ordinary tem- 
peratures growth is very slow. In broth cultures 
chains are frequent, and beading of the individual 
cell is sometimes visible. 

The illustration here reproduced gives some idea 
of these characters and of the progress of spore forma- 
tion in a young culture. 

Unfortunately morphology is very little to go by, 
since half a dozen other organisms of quite divergent 
properties are positively indistinguishable from our 
organism under the microscope. 

On agar characteristic colonies are formed, with 
a small dense nucleus and long, spreading fimbriae 
all round. It is principally by noting these that 
the organism may be picked out from a mixture, 
though its great heat resistance is a help, since the 
spores of few other anaerobes will tolerate an hour’s 
boiling. 

In meat broth there is little change before the 
third day, when blackening first becomes appreciable. 
Subsequently the blackening and solution of the meat 
proceed rapidly, with the production of evil-smelling 
gas, until the meat is about three-quarters gone. At 
this point the products of reaction accumulate under 
ordinary cultural conditions so as to put a stop to 
further growth. The addition of an adsorbent will 
prolong it somewhat, but never to complete solution 
of the medium. After about a week proliferation 
ceases, all the bacilli form spores and settle to the 
bottom in a white layer, leaving the fluid clear»and 
abating the smell. The spores can be dried on cotton- 
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wool and preserved so for at least six months, though 
after a period like this their germination is slow. 

Into the chemistry of this proteolysis it is no part of 
my scheme to enter here, though a certain amount is 
known about it. The most interesting point is that 
the enzyme or mixture of enzymes at work is diffused 
from the living organisms, and can therefore be sepa- 
rated from them without much diflSculty and its pro- 
perties investigated. It is surprisingly weak, and 
liquefies gelatine and white of egg only very slowly, 
so that its value in the wound must depend upon its 
constant formation in situ. 

The Reading bacillus is classed with the group of 
proteolytic anserobes, though the taxonomy of these 
micro-organisms is far from satisfactory! The group 
is distinguished for the.potency of its members, includ- 
ing, as it does, two such plagues as tetanus and 
B. oadematis maligni. Such company casts a gloom 
of suspicion on any bacillus, however irell behaved, 
especially as it is morphologically idenlical with the 
last named, and indeed may be nothing more than an 
atoxic form of it. Happily, however, there are oth^r 
more respectable creatures in the group as well, and 
with one of these, the so-called B, sporogenes of 
Metchnikoff, Reading bacillus has probably the 
closest relationship of all. This relative has similar, 
though less potent toxolytic abilities. Curiously 
enough, this power is not common to all the proteo- 
lytic anserobes ; some, even among the most violently 
proteolytic, are completely lacking in it. It is seem- 
ingly a closely-restricted property, peculiar to a veiy 
small number of organisms, and not necessarily associ- 
ated with powers of general proteolysis. 

And where does the bacillus come from? Proxi- 
mately from the air, there is litde doubt j but ulti- 
mately, we don't know. It has b^n identified firom 
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two soils, with a. certain amount of doubt, and it is 
at any rate not very abundant in the soil. Nor is it 
found in the intestines in more than i to 2 per cent of 
persons. Very likely the soil is its permanent reposi- 
tory, but it only gets a chance to luxuriate where 
wounds and dead animal tissue abound. Hence cer- 
tain places will get saturated with it at certain times, 
and in such a place, by great good luck we found it. 


Substitution of 

RAW MATERIALS— PAPER 

In the present article no attempt will be made to 
trace the actual economic phase which is arising as 
a result of the indiscriminate submarine campaign. 
The pinch is being felt, no doubt, in various directions, 
but as yet we are far from the point at which we shall 
be compelled to use our best ingenuity and skill in 
the provision of substitutes. Even such shortage as 
exists is partly masked by -our as yet unexhausted 
capacity to economize or do without~an elasticity to 
be accounted for as a lucky if undeserved legacy from 
extravagant pre-war habits. 

No one outside official life, who has not lived since 
the war in enemy territory, or at least in one of the 
hard-hit Scandinavian neutral countries, can have 
any real conception of what has been done, or what 
can be done, to meet shortage on the grand scale. 
Government has never encouraged the diffusion of 
accurate information on this subject, nor has the 
public at large insisted on having it. Except in very 
restricted fields little has been done to explore the 
possibilities of substitutes. The national effort has 
taken another form, that of destroying submarine 
and providing tonnage. Substitutes are not impro- 
vised in a day, and this lack of foresight is to be 
deplored on various grounds. 

The object of this chapter is by using the existing 
shortage in certain raw materials to illustrate die 
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essential nature of the relation which exists between 
a raw material and the manufactured product. Speak- 
ing as a botanist, who is naturally more interested in 
the former than in the latter, one has certainly been 
prone to overlook the extraordinarily intimate relation 
that exists between the nature of the raw material and 
the details of the process to which it is submitted in 
conversion to the final state. Manufacturing processes 
usually consist of a series of very complicated opera- 
tions which require high technical skill combined with 
very special plant. When a raw material is changed, 
the process of manufacture no longer runs smoothly, 
but is seriously disturbed. This can be illustrated by 
a homely example. 

Every pipe smoker knows the inconvenience caused 
him when he has to substitute an unfamiliar brand of 
tobacco for that to which he is accustomed. Pipe 
smoking stands for a manufacturing process, the 
details of which vary from one brand' to another. 
The weed has to be packed differently in the bowl 
according to the way the tobacco is cut and pressed. 
Then there is the lighting of the pipe. Fine-cut 
tobaccos catch fire at once, but coarse-cut varieties 
often demand the use of two or three matches to get 
properly alight. Moreover, the draught varies with the 
brand. With a fine-cut tobacco an occasional gentle 
puff is all that is required to keep it alight, and the 
mind can be concentrated on other things; the devotee 
of the coarser cuts, however, is kept continuously at 
work in maintaining the forced draught which such 
tobaccos demand. The result of changing brands 
is that the fine-cut man takes days or weeks to learn 
the knack of keeping a coarse-cut tobacco alight, 
whilst the coarse-cut man will consume a pipeful of 
fine tobacco in a few moments — ^and also burn his 
tongue. 
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Proceeding now to the subject-matter, paper and 
the paper shortage. 

The art of paper-making is amongst the most 
beautiful which technology has evolved, and will 
serve as well as any other to illustrate our purpose, 
viz. the intimate relation existing between the finished 
product and the process of its manufacture on the one 
hand, and the properties of the raw material on the 
other. 

Broadly speaking, paper is a web formed by the 
maceration of strands of vegetable fibre or of wood 
so that the unit elements come apart; subsequently 
these are caused to combine into a felt by precipitation 
from a watery broth on a woven wire cloth. 

The invention of paper is attributed to the Chinese, 
and dates back to the early years of the Christian era.^ 
From China it passed to Samarkand about a.d. 700, 
and found its way to Spain by the Moors in the 
eleventh century. Thence it spread over the countries 
of Europe. One of the earliest extant examples of 
the use of paper in Europe is a letter from Raymond, 
son of Raymond, Duke of Narbonne, to Henry III, 
King of England. The date of this letter, which 
deals with a matter of no importance, falls between 
A.D. 1216-1222. It is preserved in the museum of 
the Public Record Office. The paper of this speci- 
men, as in the majority of early papers, was made of 
^ flax. In other words, the paper trade of those days, 
as it does in part to-day, depended for its staple raw 
material on a by-product of civilization,* i.e. rags. 

The process of manufacture was rude and simple 
when compared with that obtaining to-day. The 

1 Papyrus, in use at a much earlier date, is not paper in the modem sense. 
It consisted of longitudinal slices of the pithy stem of the paper reed, Cyperus 
Papyrus, pressed and dried together, and the surfece smocked to recdve the 
ink. ' i ' 
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rags were allowed to ferment, and were then boiled in 
an infusion of wood ashes. The resulting pulp, after 
being anchored in streams of running water to wash 
out the alkali, was beaten by hand till it reached the 
proper degree of maceration. The rectified pulp was 
then diluted with water in vats, and taken up in 
sieves, so that the water drained away, whilst the 
fibres, under skilful manipulation, settled down to 
form the web of paper. Sheet by sheet the paper was 
pressed between felt, and hung up to dry. Such 
methods sufficed for many centuries, and, so far as the 
quality of the product is concerned, still hold their 
own. With lapse of time, and the natural growth of 
population, paper came to be produced in increasing 
quantities, beating by hand was replaced by an auto-' 
matic machine termed the Hollander, but the great 
impulse came through the invention of the paper- 
making machine associated with the name of Four- 
drinier, by means of which the pulp was run on to a 
travelling fine-wire web, so that it could be treated 
by a continuous process without breaking bulk. 

The spread of the reading habit, stimulated by 
compulsory education, and exploited by editors and 
publishers, created a demand for paper which could 
not be met by the conversion of rags alone. So far 
as this country is concerned the increased demand 
was met in the sixties of last century by utiligiing 
straw, which in due course was displaced by esparto 
grass {Stipa tenacissima) from North Africa and 
Spain. By the nineties the manufacture of pulp from 
wood, and especially the wood of conifers, had, become 
general. 

The esparto industry is in effect a speciality of the 
British paper-maker, who for many years has imported 
some 200,000 tons of the dried grass. 

On the continent of Europe straw largely takes its 
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place, and line papers are got by blending straw and 
wood pulp where we blend esparto and wood. 

The world’s pre-war consumption of paper was 
roughly 8,000,000 tons, half manufactured in America, 
half in Europe. Of this total four-fifths (i.e. 6,500,000 
tons) was derived from wood. The British require- 
ments were about one-sixth of the world’s production 
(i.e. 1,350,000 tons), and the greater part of it was 
fabricated in this country from imported pulp. The 
proportion of wood pulp used in English paper manu- 
facture approximates to the world’s proportion, i.e. 
four-fifths. 

It follows from these facts that wood pulp dominates 
the position; this it does in virtue of its derivation 
from a raw material which grows thickly on the 
ground in pure formations (virgin forests). Owing 
to its cheapness of production, few raw materials can 
compete with wood pulp, especially for general pur- 
poses. Even India, with vast areas of potential pulp 
in its bamboo jungles, is unable to exploit these rich 
natural resources. India’s paper trade is based on 
waste products, such as rags, old rope, jute bags, 
and waste paper, together with a certain amount of 
the native Bhabur grass {Ischcemum angustifolium). 
More than half the Indian requirement is stated to be 
imported as manufactured paper derived from conifer- 
ous wood pulp. It is to be expected, however, that, 
with the exhaustion of the world’s virgin coniferous 
forests, bamboo will become an important, if not the 
principal, source of pulp. 

So considerable is the importation of wood pulp in 
Britain that it forms an appreciable part of the whole 
timber problem. The figures involved are given in 
the following table:^ — • 

■ 1 It is assumed that one net ton of shi>|5tBg coirespotids to two loads 

or tons of timber of ^ cubic feet 
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Und^r these circumstances it is evident that if u>n- 
nage should be deflected elsewhere, or destroyed, the 
timber and paper trades would profoundly affected. 
This is, of course, precisely what has hapjxrned, and, 
so far a.s timber is concerned, we have been thrown on 
our own scanty resources. Even were th«?re enough 
wood to .spare for pulp-making, it would lake much 
labour and time to adapt the mills; for, dettending lus 
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relatively little friction. After all, who is going to 
decide between the claims of John Bull and a new 
work from the pen of Mr. G. B. Shaw? 

To meet the shortage there are three measures 
available: (i) Economy in use; (2) the more com- 
plete organization of existing home sources, especially 
in the collection and conversion of waste paper; (3) 
the opening up of home sources at present not utilized. 

It is this third category alone that interests a botanist, 
and which will be considered here. 

Offhand it might be expected that the paper-maker 
would be running around everywhere, in a* state 
bordering on frenzy, to discover new sources of mate- 
rials ; such an anticipation is, however, contrary to the 
facts. In common with all producers of commodities, 
which though not to be reckoned as munitions of war 
are yet in universal demand, we see that the paper- 
maker, in spite of his reduced supplies and depleted 
staff, is still able to meet his wage bill and to pay a 
sufficient, and sometimes an increased, interest on the 
capital invested in his business. 

So long as a declining output is rewarded on a 
scale which equals or even exceeds that of normal 
times, it is contrary to average human nature to exert 
itself strenuously to raise that output. In other words^ 
up to the present time the compelling inducement 
has been lacking to discover new sources, and more 
particularly such as lend themselves to conversion 
into paper without drastic modification of existing 
plants. 

Moreover, change is resented, and nowhere more 
than in the paper trade with its high sense of crafts- 
manship and good technique. Anything which pre- 
vents the gratification of this sense is hateful. 

Nevertheless, paper is altering; as may be seen in 
the qualities used for the same fmrposes now and m 
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pre-war days. More straw is being used, and with it 
blemishes creep in. These a layman might not think 
important, but the paper-maker does not share that 
view. When settled conditions return he will produce 
once more the old high qualities. As a craftsman he 
could not do otherwise. 

Still, as elsewhere, adventurous spirits are not 
lacking, and trials of a variety of fibres hitherto un- 
tried by paper-makers are in progress. Such experi- 
ments will serve to illustrate the fact that there is no 
such thing as true substitution. When a raw material 
is changed the finished product is changed; so too 
must be the established method of manufacture at 
nearly every stage. 

We may consider briefly the stages in the process 
by means of which the web or felt of cellulose termed 
paper is obtained. 

The raw material — let us say a grass — has to be 
collected from its habitat, dried, baled, and trans- 
ported to the mill. Here, after cleansing, it must be 
boiled in soda or other suitable chemical agency to 
remove the non-cellulose, and also to dissolve the 
matrix which holds the fibres together — what bo- 
tanists call the ‘‘middle lamella’’. The product of 
‘ boiling has to be washed and bleached, and then 
follows the elaborate technical process of beating, in 
which the diluted pulp circulates in a trough between 
revolving knives or plates, which can be adjusted to 
effect a variety of ends, having the general object of 
rendering the ultimate units of the pulp better fitted 
to play their allotted part. By fraying out the ends 
of the fibres they will felt the better ; if the fibres are 
too long, they can be cut into shorter segments ; or, 
by crushing, the fibres become more intimately 
charged with water — hydrated — so as to give a homo- 
geneous texture as they join together and dry. 
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Next, the beaten pulp, when properly mixed, is 
sized and loaded with some filling substance, such 
as china clay, and, after various rectifications to clean 
it or to remove local knots of stuff, the pulp is de- 
livered in a thin liquid sheet on to the paper-making 
machine — the wire-wove travelling belt. 

Here, as the water drains away, the fibres of the 
pulp take up their final positions and felt together. 
The act of felting is promoted by shaking mechanisms 
which overcome a tendency which the fibres possess 
to lie parallel to the direction of flow. 

Next the sheet is dried, partly by gravitation, partly 
by suction from below, and partly by heated rollers, 
the rate of travel of the web being adjusted to the 
rate at which the water is given up. 

Further operations to which it is subjected include 
water-marking, sizing, the removal of superfluous 
size, the smoothing of the surface, and calendering. 
Finally the paper is cut into the desired widths and 
lengths, counted, and packed. 

Now the chemical and physical qualities of the 
paper are related in the most intimate way to the 
original properties of the fibre, modified by these 
various operations. 

Esparto has a fine fibre of circular section and 
small central cavity. It resists excessive hydration, 
and quickly parts with its water on the machine. Its 
fineness and consequent flexibility confers on the pulp 
admirable felting qualities for binding the sheet to- 
gether with a uniform texture. As the fibres do not 
rest too closely over one another, but ^nd up, esparto 
gives *^body ” to a paper. 

Wood pulp ^ having fibres flat in section, which lie 
close over one another, gives a noti-porous paper of 
more continuous texture. As ^e fibres undergo hy- 
dration, becoining geMinw^s, they become firmly 
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compacted or cemented together. With such con- 
tinuity of substance the sheet readily takes a high 
finish. 

Blended with esparto, wood pulp makes an ideal 
mixture for many purposes. 

There are two great divisions of wood pulp, the 
chemical and the mechanical. The former has been 
boiled in soda or other chemical agent to disintegrate 
it and clear it of lignin. It forms a pulp suitable for 
inclusion in the best papers, and, owing to the porosity 
which its membranes acquire by the extraction of the 
lignin, it lends itself to hydration in the beater. 

Mechanical pulp, on the other hand, has never been 
boiled. It is formed by grinding the wood into small 
fragments in a stream of water. It belongs to the 
loii^est order of paper-making materials, and is without 
any capacity for felting. Moreover, as it contains the 
unaltered lignin of the wood, papers formed of me- 
chanical pulp rapidly undergo oxidation, becoming 
discoloured and brittle. 

Mixed with a minimum of chemical pulp, which 
suppUis the qualities it lacks, mechanical pulp finds 
enormous application for news and common printing 
papers. 

Though far from being a high-class raw material, 
mechanical pulp is good enough for the purpose to 
which it is put, namely, to form a tissue stro^pg enough 
to go through the printing-press and hang together 
till read. It is an ephemeral product, and should not 
be regarded from any other point of view. 

At the present time an attempt is being made to 
use sawdust as a substitute for. mechanical pulp, and 
newspapers have already been produced into which 
sawdust enters. The application is a promising one, 
as more sawdust is now produced in Britain than 
ever before, in consequence of the wholesale felling 
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and conversion of our native timber. Now that the 
problem has been defined, technologists may be relied 
on to devise a process by means of which sawdust 
may be ground into a form thoroughly suitable for 
the purpose of a paper ingredient. 

In casting about for home-grown fibre plants to 
supplement existing sources, a suitable quality of 
fibre is only one of several conditions that have to 
be satisfied. 

The plant must also be abundant and readily har- 
vested; preferably it should grow in close pure stands, 
ripe for the scythe or mechanical harvester. More- 
over, the material must be easy to clean, for the 
inclusion of dirt in the pulp is obviously a serious 
defect in a paper-making material. 

Several indigenous plants meet these requirements 
in part, and deserve serious consideration. 

The pulping of timber in our country is out of 
the question owing to the scantiness of the supply. 
Whether the matter will become a serious proposition 
when our system of forestry is reformed is for a future 
generation to decide. 

Again, the employment of the straw of wheat and 
other cereals is no doubt attractive, for this material 
comes into existence in order that there may be grmn, 
to which it stands in the relation of a by-product. 
Moreover, it grows in pure stands, has to be reaped, 
and is as clean as any vegetable product well can be. 
The objection to the use of straw is twofold. There 
is the minor objection that to use presents certain 
technical difficulties, which, with application, could 
probably be overcome. The main objection is more 
fundamental. Straw is so valuable on the farm itself 
in our present system of farming that it is of^ to 
question whether the unlimited use of strw “ 

visable in the interests of agriculture itself. How- 
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ever, machinery is creeping* into the land, and this 
may revolutionize all standards. 

Triticum repens ^ the couch-grass, the familiar noxious 
weed of arable land, is a plant with a running under- 
ground stolon which is reported to provide a fibre 
of great tenacity. The alleged drawbacks of couch- 
grass are the expense of collection and the very large 
amount of dirt which accompanies it. And, no doubt, 
if the collection of couch-grass be regarded as an in- 
dependent industry, the cost of production is high. 
If, however, the farmer views it as his bounden duty 
to rid his fields of this pest, its collection is then 
but a part of the farm routine, and any reasonable 
price which the paper-maker can afford to pay will be 
of the nature of a subsidy to assist the farmer in the 
cleaning of his land. 

But even if we assume these difficulties to be solved, 
the further question arises whether, if it be periodi- 
cally and industriously removed from the land, the 
supply may not shrink away to almost nothing in a 
certain number of years. That, no doubt, is a possi- 
bility. 

A more serious proposal is the use of the marram 
grass of the sand-dunes {Psamma arenaria). Small 
samples have been favourably reported on, and larger 
trials are being undertaken. The crop is a very clean 
one, and the yield of fibre about 33 per cent on the 
dry weight of the grass. As it grows on virgin sand- 
dunes the grass is unsuitable for paper, because the 
cut includes not only the gro#th of the current year, 
but also the dead and useless remains of former years. 
Consequently the first mowing has only the value of 
a preparatory measure to secure a yearly cut of useful 
grass. In some localities (e.g. Newborough dunes, 
Anglesey), marram is cut for mat- making, and it 
would appear that in such cai^es a certain amount 
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of grass of unsuitable length for the primary purpose 
is available as a waste product, and could be passed 
on to the paper-mill. 

Should the question ever be seriously pursued, it 
would be necessary to plant the dunes ; for, when 
left to nature, marram does not grow in anything 
approaching its maximum density. The planting can 
be put through at an inclusive cost of £5 an acre, and 
by the third year should be ready for a first cutting. 
Two tons would be a normal yield per acre. In cut- 
ting marram it is advisable to leave narrow belts of 
the grass uncut (e.g. i foot wide every 12 to 15 feet) to 
prevent the sand from being blown away from the 
stubble. 

The question whether the utilization of sand-dunes 
to grow pine woods may not be a more profitable 
investment than the cultivation of marram grass will 
have to be considered in connection with the various 
circumstances, location, See., of each individual area. 
Taking pine woods with a seventy-years’ rotation, it 
would be surprising if the total weight of timber (final 
yield plus thinnings) exceeded the aggregate yield of 
grass during the same period.^ 

Spartina Townsendii , — This is a tall-growing grass, 
which first made its appearance on the tidal flats of 1. 
Southampton fifty years ago, and has since spread 
everywhere in the adjacent waters of the Hampshire 
coast, and has also penetrated into Poole Harbour. 

In these regions it nowj>ccupies many square miles 
in dense continuous meslaows. The circumstances of 
its appearance and spread are so remarkable as to be 
practically unique in the recorded history of the world’s 
vegetation. 

i Taking 5500 cubic feet (= xio toras) &s the complete yield of timber par acre 
under Scots Pine after seventy years, the average apaastl yidd of marram grass 
would require to be i. 57 tons. 

(CWS) 
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A century ago the only species of Spartina known 
in Europe was S. stricta^ a low -growing species 
common on mud flats from Devon to Lincoln and 
on the Continent. In 1836 this was joined by a 
second species, S. altern^ora^ supposed to have been 
introduced accidentally by shipping from America. 
Its occurrence in Southampton Water and at one 
other spot, the mouth of the River Adour, at the 
southern end of the Bay of Biscay, was well known 
to botanical geographers in the middle of last century,^ 
In 1870 a third species, .S’. Townsendii^ the subject of 
this notice, was found also in Southampton Water, 
and it is this form which has spread in recent years 
in the marvellous manner just indicated. 

There is no reason for believing S. Townsendti to 
be an introduced form, for it is not known to occur 
anywhere else in the world. The current hypothesis, 
due to Dr. O. Stapf, is that it originated in situ as a 
naturally produced hybrid between the two other 
species {S. stricta and S. alternifiora) already on the 
ground, a hypothesis which gains weight from the 
fact that in the Adour River locality — the only other 
spot where these two species occur together — a fourth 
form (.S’. Ne^autit)^ having much in common with 
S. Tammendii^ has made its appearance. The pre- 
sumption is that both these new, forms are natural 
hybrids, but the matter requires corroboration at the 
hands of some competent breeder. 

It is probably safe to estimate the present area 
occupied by S» Townsendti 20 square miles, an 
area which is continually extending. The ground it 
covers is soft mu# stretching down from high-water 
mark some 4 feet vertical. The grass is exposed as 
the tide runs off, and is accessible for cutting in the 
ordinary way. It reaches its full growth in the late 

^ A. De Candolle, Botanique, 185^5, p, 1053. 
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summer (2| to 3 feet), though the seed does not. ripen 
till November. The grass turns yellow in winter, 
and remains standing till April or May, when it 
comes away from the stools, which in due course 
push the next year’s crop. 

Since 1916 several samples of this grass have been 
tried for paper-making purposes, and there is no 
doubt it possesses capacities in this direction, though 
it is, of course, premature to specify them in detail. 
The fibre felts well, and the yield averages 28 per cent 
on the dry weight of the grass. The nature of the 
habitat — tidal mud flats — is a novelty in the harvesting 
of a paper-making material. The mud is so soft that 
the reapers have to wear mud-boards on their feet, 
and the application of a mechanical harvester seems 
to be excluded by the nature of the ground, unless 
something could be attached to a flat-bottomed punt, 
and the cutting done at high water. The pulp is 
liable to contamination by mud adhering to the bases 
of the grass haulms, but, as this defect shows marked 
diminution when a second cut is made from an area 
previously mown, it seems likely that it will become 
negligible as the conditions are more fully mastered. 
The pulp hydrates readily and tends to ‘^run wet”, 
but here again experience will show how best it should 
be treated. 

The grass grows very densely, producing, at a con- 
servative estimate, 2 tons dry grass per acre. The 
total yield in sight in these waters would, if properly 
organized, suffice to feed a mill in the locality with 
over 200 tons of material a week, and this could be 
transported in barges. From an %conomic poiht of 
view the er^tion of a special mill to deal with the 
Spartina products would seem to be the best plan. 

It is worth noting that an American species, 
michauxiana^ the slough grass, which grows every- 
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where in the swamps of the Mississippi and Mis- 
souri river systems, was used in great quantities 
for making boards at Quincy in Illinois. Its pro- 
perties found favourable notice in this country,^ but, 
so far as we know, it has never been imported on a 
commercial scale. 

Another grass, Phragmites communis^ the common 
reed, has latterly been laid under contribution, and is 
now helping to fill the vacuum in the paper-making 
world. The large size of this plant and the dense 
stands in which it grows, taken in connection with 
long experience in harvesting it, mark out Phragmites 
for adoption as a raw material, provided, of course, 
that the fibre has qualities of usefulness. In the 
Norfolk Broads area, where it is very abundant, this 
grass is stated already to have doubled in price. 

The days of shortage appear at first sight to be the 
golden opportunity for the recognition of such merits 
as our wild indigenous fibre plants possess, and this, 
no doubt, is true up to the point of proposals for 
trials being entertained. But the way of establish- 
ment of a new fibre is long and arduous. It has first 
to be tried along the lines of current routine, and this 
gradually modified according to experience until the 
paper-maker discovers the best use to which it can 
be put. Even should the fibre survive the preliminary 
trials, great, if not insuperable, difiBculties will be met 
with in organizing the harvesting and treatment of 
the crop. In a small way a new sort of agriculture 
has to be learnt, and labour is practically unprocur- 
able at a time when the prior claims of food produc- 
tion, timber, flax, and other war essentials remain 
unsatisfied. It looks as though mere shortage was 
an inadequate stimulus to call forth the sustained 

1 Cf. Bowack, Dixon, and Remington in World! s Paper Trade Review^ 
23rd April, 1909. 
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effort required. Possibly our psychology is such 
that nothing short of absolute want and destitution 
will arouse it. 

In that case we shall have no choice but to continue 
still further to economize our meagre supplies — per- 
haps by discriminating between the different uses 
to which paper is put. 

After the war the conditions will change. As 
labour is set free, tonnage rather than labour will 
become the limiting factor. And while they last 
these conditions should prove more favourable to 
the adoption of new raw materials drawn from our 
unexploited home resources. 

But even in the case of a new raw material which 
gives full satisfaction in a technical sense, and serves 
a useful purpose under War conditions, ultimate adop- 
tion will depend on whether it can hold its own in 
competition with existing staples. If paper substan- 
tially as good can be prepared from cheaper materials, 
there will be no chance of the new proposals being 
entertained. 

F. W. O. 



INDUSTRIAL 

EFFICIENCY AND FATIGUE 


At the present time we are offered a unique oppor^ 
tunity for investigating problems of industrial eflB- 
ciency and fatigue. And this for several reasons. 
The country is full of munition factories where huge 
numbers of men and women are labouring day and 
night to produce their maximum output. Now, if 
ever, the large majority of them are exerting the 
greatest effort of which they are physically capable, 
and are in no way subjecting their output to artificial 
restrictions and limitations. Moreover, most of these 
munition workers are engaged on repetition work, or 
they are manufacturing exactly the same article on 
the same machines day after day, month after month, 
and year after year. Hence it sometimes happens 
that the conditions of production remain constant for 
months and years, with the exception of some altera- 
tion of hours. By studying the output of these 
workers systematically we are therefore enabled to 
obtain invaluable evidence as to the effect of various 
lengths of working hours upon the hourly output and 
the total output. Our object is Che practical one of 
finding the conditions which result in the greatest 
possible output. We do not want a spurt in output 
. lasting a few days or weeks, but a steady maximunt 
lasting for months and years. That is to say, we 
want to get all we can out of our munition workers. 
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but their maximum effort must be so controlled that 
it does not reduce their health. Directly they begin 
to get over^fatigued, their efficiency diminishes, and 
their output goes down. Fatigue is defined by The 
Health of Munition Workers Committee’- as ‘^the 
sum of the results of activity which show themselves 
in a diminished capacity for doing work”. Hence 
the essential condition of all efficient labour is that 
it avoids this condition of fatigue which produces a 
diminished capacity for work. It might be thought 
that it is a simple matter to recognize such a condi- 
tion, but this is by no means the case. Extreme fatigue 
can, of course, be readily identified, but the moderate 
condition of fatigue which is sufficient to cause some 
reduction of efficiency is difficult to distinguish from 
the normal condition of fatigue which almost every 
genuine worker ought to experience at the end of his 
day’s work. Such fatigue should be recovered from 
completely, or very nearly completely, as the result 
of good food and a good night’s rest, or the worker 
ought to be able to begin each day’s work in a state 
of full and normal vigour, with the exception that he 
generally gets a little more tired towards the end of 
the week than he is at the beginning, that is, he ex- 
periences a slight accumulation of fatigue which he is 
able to get rid of during his Sunday rest from work. 

Over-fatigue in Women. — For reasons which will 
appear shortly, the condition of over-fatigue is very 
seldom observed in men, and not very frequently in 
women. I observed one very striking instance of its 
occurrence in the women who were employed at a large 
fuse factory, where there were about nine thousand 
workers. In the earlier months of the war the usual 
hours of labour were a week, or ran for 12 hours a 
day, five days a week, but for somewhat less on Saturday 

^ Memorandum No. 7. 1916. (CiLSai^.) 
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and Sunday. Sunday work was intermitted once a 
month, or on an average the workers put in about 
75 hours a week of actual work, exclusive of meal- 
times.^ The women were undoubtedly in a state of 
chronic fatigue, from which they never had a chance 
of recovering unless they voluntarily took a holiday 
from their work. This fatigued condition was shown 
most clearly in their accident records. I tabulated 
their accidents for three months when these very long 
hours were being worked, and for the subsequent two 
years during which the hours of work were first 
reduced to about 64^ a week, then to 58I hours, 
and then to 54J hours.^ Small accidents, especially 
cuts to fingers and thumbs, are very frequent in 
women who are turning or drilling various fuse parts, 
and in fig. i is shown the hourly incidence of cuts, 
calculated per ten thousand workers per week. In 
1915, or what may be termed the fatigue period, there 
were 17 cuts treated in the first full hour of work, but 
the number rapidly increased from hour to hour tilf 
in the last full hour of work of the morning spell 90 
cuts were treated, or more than five times as many. 
This rapid increase was due largely to fatigue, for in 
1916 and 1917) when the shorter hours were worked, 
the cuts increased only threefold in the course of the 
morning spell. It is true that a part of this increase 
was due to fatigue likewise, though mc^t of it was 
due to a speeding up of production, coupled with in- 
creasing carelessness and inattention of the worfcem, 
owing to thoughts of the approaching dinner br^ik. 
In the afternoon spell the accidents during tibe fatigue 
period were twice as numerous as suteequentiy, but 
they fell away rapidly between 6. 15 and 8.30 p.m., as 
the women were so tired that many of them slacked 

1 Cf. Memorandum 21, publi^ed The Health of Mumtion. Workers 
Committee. 1918. (Cd. 9046.) 
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off and did little or no work, and so did not expose 
themselves to the risk of accidents. Taking an aver- 



age of all the accidents put together, the wotnen 
suffered nearly three times as frequently in the fatigue 
period as they did in the subsequent fourteen months, 
when they were working ten hnurs a day instead of 
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twelve. This three-fold increase held almost equally 
for eye accidents, burns, and sprains, as well as for 
cuts. 

In addition to tabulating accident cases, I deter- 
mined the frequency with which the workers were 
treated at the dressing-station for faintness, and were 
restored from their collapsed condition by the admini- 
stration of sal-volatile. During the fatigue period 
faintness eases were 9 times more numerous among 
the women ’than among the men, whilst subsequently 
they were only 3 times more numerous. Sal-vola- 
tile cases were actually 23 times more numerous 
in the women than in the men during the fatigue 
period, though subsequently they were only 3 times 
more numerous, just as were the faintness cases. 

The accident data for men, which are shown in the 
middle portion of fig. i, indicate a very different 
relationship from that observed in women. The 
curve of hourly incidence of cuts was almost the same 
in 1915, or the fatigue period, as in 1916, and, if the 
accidents between 6.15 and 8.30 p.m. be excluded, 
the total number of cases treated was almost the same 
in both periods. Hence it follows that the men were 
able to stand the excessively long hours even though 
the women could not. In fact, I concluded from this 
and other evidence that women ought to work only 
nine hours a day if they are to fatigue themselves no 
more than men engaged on similar work for tweslve 
hours a day. All the evidence I obtained went to 
show that there was no over-fatigue in the men at any 
time, and very little in the women when working a 
ten-hour day. For instance, the hourly variations of 
output during the course of the working day showed 
very little signs of it. 

Hourly Output Variatious.— I was able to deter- 
mine output variations in a very complete manner at 
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the fuse factory by an indirect method. The electric 
current supplied to each section of the works was 
registered by a separate watt-meter, and by reading 
these meters every hour I could determine the exact 
amount of current consumed. I was able to determine 
the current required to drive the machinery, apart 



from that required for the actual lathe operations, and 
I found that the excess power-load determinations 
made in this way gave an output which corresponded 
well with the direct observations on output which 
were made by Mr Neilson Jones, who was working in 
conjunction with me. It will be seen in fig. 2 that 
the curves of output of women engaged in the opera- 
tion of turning aluminium fus^ bodies agree fairly 
well except in the last half-hour of the morning spell. 
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The difference which then occurred was due to the 
fact that the women who were under direct observa- 
tion continued to work right to the end of the spell, 
whilst most of the other women in the section knocked 
off a few minutes before nominal stopping-time. The 
output steadily improved during the course of the 
morning spell, till it was 21 per cent greater in the 
last hour of full work than in the first hour. This 
increase arose from increased efficiency due to prac- 
tice, and it was observed in greater or less degree 
among all sections of workers. It was more than 
sufficient to neutralize any tendency to diminished 
output which might be produced by fatigue. Even 
the afternoon output showed only a little indication 
of fatigue in the middle two hours, but such fatigue 
effects were completely overpowered in the last full 
hour of work by the spurt which the workers put on 
as they knew that rest and relaxation were at hand. 
The output curves of the men’s sections were similar 
to those of the women’s sections, and the mean output 
of seven sections is shown at the bottom of fig. i. It 
was determined on three consecutive days in January 
and on another three in July, 1917, and it will be seen 
that the curves correspond well with one another. 
The only real evidence of fatigue shown by the power- 
load curves was obtained by comparing the excess 
power consumed in the four full working hours of the 
afternoon spell with that in the four full wprking 
hours of the morning spell. It was found to be i to 2 
per cent less, on an average, in the afternoon, and, 
in that the output of the morning spell was consider- 
ably reduced by the lack of full practice efiSciency 
during the first two or three hours, one can say that 
fatigue in the afternoon had a slightly greater influ- 
ence in reducing output than had the lack of practice 
efficiency in the morning. 
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Output in Relation to Hours of Work. — If, as I 
have concluded, the men were not unduly fatigued by 
working a twelve-hour day, or the women by a ten- 
hour day, does it follow that these long hours are 
calculated to yield the best output? By no means, as 
was proved by direct observations on the output of 
selected groups of men and women.^ I was fortu- 
nately able to obtain the output of large groups of 
I workers week by week over continuous periods of as 

long as twenty-two months, during which there was 
absolutely no change in the conditions of production 
except the hours of work. The articles produced were 
the same throughout, and of the same material, whilst 
the machinery was not altered in any way or speeded 
I up. Groups of men engaged in the somewhat heavy 

I operation known as sizing fuse bodies ”, which con- 

! sists in screwing the aluminium fuse bodies into steel 

j taps so as to cut screw threads on them, showed these 

j relative outputs: — 

TABLE I— MEN SIZING FUSE BODIES 


Nvuuber 

of 

Averag^e Weekly 
Hours of Work. 

Relative 

Hours of Work 

in 

GiTOUp. 

Nominal 

Hours. 

Actual 

Hours. 

Output. 

Output. 

Nov. 8 to Dec. 19, 191 5 27 

66.7 

58.2 

100 

5820 (=100) 

Feb. 21 to Apr. i6» 1916 56 

62.8 

50.5 

122 

6161 ( = to6) 

Nov. 6 to Dec. 16,1916 56 

56-5 

51-2 

139 

7117 (=122) 

June 23 to Sept. 22, 1917 90 

S 4 -' 

48,8 

144 

7027 ( = 121) 


It will be seen that in die November to December, 
period, they were nominally working 66.7 hours 
per week, or they sometimes worked a twelve-hour 
day and sometimes a ten-hour day, but on an average 

^ Memoranda Nos. 12, 18, and 20 <rf The Health of Mtmition Workers' 
Committee. 1916 and 1917. (Cd. 8344, 8628 and 8801.) • 
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they put in only 58.2 hours of actual work. Taking 
their relative hourly output as 100, their total weekly 
output came to 5820. Subsequent to December, 1915, 
the men worked shorter hours, and in the next statis- 
tical period recorded, viz. February to April, 1916, 
they put in only 50.5 hours of actual work per week, 
or 7.7 hours less than before. However, their relative 
hourly output increased in consequence to 122; Le. 
their total weekly output was now 6 i 5 i, or 6 percent 
greater than before; but this figure by no means 
represents their best eiBbrt. In the next period re- 
corded, viz. November to December, 1916, the men 
were working practically the same actual hours as 
before, but their nominal hours were 6.3 per week 
less, and the frequent Sunday labour which was im- 
posed on them in the February to April period was 
completely abolished. Under these conditions they 
worked much more steadily, so that their lost time, or 
the difference between nominal and actual hours, was 
now only 5.3 hours, instead of 12.3 hours per week, 
and their relative hourly output rose to 139. Their 
total output accordingly worked out at 7117, or was 
22 per cent greater than when the longer hours were 
being worked. In June to September, 1917, their 
hours of work were rather shorter still, and their 
hourly output again went up a little, but their total 
output was practically unchanged. That is to say, 
a reduction of the actual hours of work from 58.2 a 
week down to 48-8 per week, accompanied as it was 
by the abolition of Sunday labour, caused their total 
output to go up some 2 1 per cent. 

Equally striking were some of the results observed 
in women. Table II shows the relative output of 8a 
to ICO women engaged in turnings aluminium fuse 
bodies on capstan lathes. la this operation they were 
actively employed every moment of their time, and 
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TABLE IL— WOMEN TURNING ALUMINIUM FUSE 
BODIES 


Statistical Period. 

Number 

of 

Workers 

in 

Group. 

Average Weekly 
Hours of Work. 

Relative 

Hourly 

Output. 

Hours of Work 
X Relative 
Output. 

Nominal 

Hours. 

Actual 

Hours. 

Nov. 7 to Dec. 19, 1915 
May 8 to July 2, 1916 
Nov. 6 to Dec. 16, 1916 

100 

100 

80 

74.8 

61.5 

54-8 

66.2 

54-8 

45-6 

100 

134 

158 

6620 (= 100) 

7343 (=Iil) 

7205 (=109) 


they had to apply seven cutting or boring tools in 
succession to each fuse body. In the November to 
December, 1915, period these women put in 66.2 hours 
of actual work per week out of a nominal 74*^ hours, 
and, taking their relative hourly output as 100, their 
total weekly output came to 6620. After January, 1916, 
the twelve-hour day was replaced by a ten-hour day, 
and in the May to July period recorded in the table the 
women were putting in 54.8 hours of actual work, or 
1 1.4 hours less than before. In consequence, their 
hourly output went up to 134, and their total output 
was 7343, or II per cent greater than in the twelve- 
hour-day period. Shortly after, Sunday labour was 
abolished, and in the November to December, 1916, 
period the women put in only 45.6 hours of actual work. 
However, their hourly output so much improved that 
their total output remained almost the same. That 
is to say, they produced g per cent more fuse bodies 
than in the twelve-hour-day period, in spite of the fact 
that they were working 2o| hours less per week. 

These and other data which were obtained indicated 
that within certain limits a reduction in the hours of 
labour leads to an increase, not only of the hourly 
output, but of the total output. The correct inter- 
pretation of this result is an interesting and important 
one. It has been suggested to me by more than one 
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works manager that the explanation lies in the fact 
that the workers are determined to earn a certain 
amount of wages, and so they knowingly work harder 
when their hours of labour are cut down. Even if 
this were the true explanation, it would surely be 
worth while to make the reduction of hours, for the 
running costs of the machinery would be reduced, 
and the workers would obtain more leisure time; but 
it is not the correct explanation. When a reduction 
in the hours of work is introduced, nothing at all 
happens to the hourly output for some weeks, and 
then it gradually begins to mount up, but it takes 
four months or more before it reaches a steady level 
again, or until the workers have got into equilibrium 
with their altered conditions of work. This altered 
equilibrium is attained quite unconsciously by the 
workers. When they are working excessively long 
hours, such as twelve per day, they soon find that in 
order to last out through the working week they must 
go slow, otherwise they would soon become so fatigued 
that they would have to take a holiday from work in 
order to recuperate. Supposing their hours are re- 
duced from twelve a day down to ten, they continue 
to work at the same slow rate just at first, but they 
gradually find by experience that they can work harder 
and still harder without undue fatigue, and so they 
slowly speed up their rate of production until they 
reach a fresh maximum of output such as is just 
compatible with the avoidance of over-fatigue. 

The relationship between hours of work and maxi- 
mum efficiency is most easily explained by a hypo- ' 
thetical example. Let us suppose that each vigorous 
and healthy worker starts his day’s work with 12 units 
of energy, all of which he can put into active work if 
he pleases without over-fatiguing himself, i.e. without 
getting into a condition from which a good night’s 
(ote) 1* 
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rest does not completely restore his initial vigour. 
Of these 12 units probably i unit is required by the 
worker to enable him to get to his factory in the 
morning, and for essential household duties, whilst 
another unit is required for similar objects in the 
evening. He therefore has 10 units of energy left, 
which he can apply wholly to his work if he so desires. 
Probably in peace times he does not utilize more than 
7 units in such a way, and keeps the other 3 units for 
his games, or for digging in his garden, or frequently 
he does not utilize them at all, and ends the day in a 
state of considerable unexhausted vigour; but we will 
assume that in war time he desires to put every par- 
ticle of energy possible into his work, and to expend 
the whole of his 10 units in this way. How can he 
use them to the best advantage? There can be no 
doubt that a great deal of energy is expended if a man 
stands idly all day in a factory without doing any 
work whatever. The effects of the noise, the smell, 
and the physical effort of standing for 10 hours would 
probably account for quite 5 out of the 10 units, or 
half a unit per hour. Hence there would be only 
5 units left to put into active work. Supposing, on 
the other hand, only 8 hours were worked instead of 
10, then 6 units of energy would be available for active 
work, and if 6 hours were worked, then 7 units would 
be available. In other words, the shorter the hours 
of labour the more the energy available for active and 
useful work, and the less the energy wasted by mere 
standing about. It might be supposed that in such 
a case the shorter the hours worked the better; but 
another factor which acts in the opposite direction has 
to be considered. Supposing it needs i unit of energy 
to produce I article in an hour, it does not need only 
t units to produce 2 articles in the hour, but distinctly 
more than 2 units. The greater the speed of workings 
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the relatively greater the call upon the physical ener- 
gies of the body. For instance, it is found that in 
a man walking at various speeds more than twice as 
mucli energy is required per mile of ground covered 
when walking 5 miles an hour as when walking 2 miles 
per hour. Hence, if a workman wants to produce a 
maximum output he must shorten his hours of work 
as much a.s po.ssible, so as to reduce the waste of energy 
ari.sing from much standing about, but he must not 
.shorten them so much as to necessitate a very great 
.speed of prodiuition with its much more than propor- 
tionate call upon hi.s energies. He must endeavour 
to hit off a happy mean, involving some reduction of 
hours and some speeding up of production, but what 
the best hour.s of work and the best speed actually 
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production sufficiently to obtain a total output which 
was only 3 per cent less than the previous maximum, 
but it is probable that they would have achieved an 
absolute maximum of output if they had worked about 
sixty hours a week instead of fifty-four hours. 

TABLE III.— YOUTHS BORING TOP CAPS 


Statistical Period. 

Average Weekly 
Hours of Work. 

Rrlatiw | Iloiirw of Worl 

Nominal 

Hours. 

Actual 

Hours. 

Output. 

Output, 

Nov. T5 to Dec. 19* 1915 
May I to May 28, 1916 
July 3 to Sept. 23, 1916 

78.5 

6.. 5 

60.6 

72.5 

54-7 

54*5 

100 

117 

129 j 

733^0 C lOf») 
6400 c mj 

I 97 } 


Overtime Work. — To return for a moment to the 
hypothetical example, we will suppose that the worker 
who, during a ten-hour day, is expending the whole 
10 units of his available energy, is called upon for two 
hours of overtime work. If he continues to work at 
the same speed he must draw upon the capital of hi.s 
energy for this extra work, and such an expenditure 
is extremely wasteful. We will assume that he needs 
3 units for his two hours’ work, and so next day he start.s 
work with only 7 units of available energy instead 
10. If he continues to work at the same speed, and 
continues on his overtime, he will quickly become m 
ver-fatigued that he will have to take a rest from 
^ork in order to recuperate. As a matter of fact, he 
generally begins to slack off to some extent directly 
overtime hours are worked, and he must do this if ht! 
is to last out at all. Also comparatively few workers 
are in the habit of utilizing every fraction of their 
available energy over their work, but they keep i or 
2 units of energy in reserve even in war-time, and this 
reserve they can draw upon for overtime purptwes 
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Xvhen necessary. Still, it remains evident that the 
thoroughly conscientious and hard-working munition 
"'vorker cannot as a rule do any overtime work at all, 
Except under wasteful and unphysiological conditions. 
He may produce a small temporary increase of output, 
but his total output, over a period of several weeks, is 
reduced rather than increased ; or again, he can pro- 
duce a small increase of output for a few days before 
^ holiday, as he knows that he will be able to recover 
bis full vigour again during the period of rest from 
^ork. 

Limitation of Output. — In all of the operations re- 
ferred to the workers were on a piece rate, or were 
paid so much per 100 articles produced. A piece-rate 
System is essential if one wishes to get the best results 
in repetition work. The work is of so dull and mono- 
tonous a character that if it were paid at a time rate 
the workers would inevitably relax their efforts as 
much as they could without incurring the resentment 
of the management. The importance of the piece- 
rate system is generally recbgnized, and it is adopted 
in some form or other in all of the munition factories 
■with which I am acquainted, in such operations as 
lend themselves to it. However, I came across one 
operation in which two groups of workers, in different 
blocks of the same factory, were engaged on the same 
operation, one group being paid at a time rate and 
the other group at a piece rate. The operation con- 
sisted in sorting the brass cartridge cases of rifle 
ammunition, and picking out the buckled and abnor- 
mal cases. In a group of 18 wonitn working for 25 
weeks I found that in only 2 per cent of all the weekly 
outputs did the relative hourly output lie between 42 
and 52: in 28 per <^nt of it lay between 

and 62, whilst the most frequent output of 62 to 72 
occurred in 46 per cent of all mms* A better output 
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of 72 to 82 occurred in 21 per cent of the cases, and 
the best output of all, one of 82 to 92, in 3 per cent of 
the cases. That is to say, the best' workers in their 
best weeks were able to achieve an hourly output just 
about double that of the worst workers in their worst 
weeks. I have found that a similar range of variation 
occurs in many other munition operations, such as 




loF 


Tvru Wcnrk^rj 
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J^^dtive Hourly Ot£t^uW> 

Fig-. 3.— Variation in Output of Wooten mtiing Cartridge Cmef 


turning fuse bodies, boring 3-inch shells, and in most 
cartridge-case operations. I have found, moreover, 
that the frequency of occurrence of the various output 
values follows the same lines as are roughly indicated 
in the curve shown on the right of fig. 3. The fre- 
quency varies according to the laws of probability, or 
the normal law of frequency of error. We find, for 
instance, that if we sort out a large group of Indivi- 
duals according to their stature, a small proportion 
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of tlu'St! individuals are very short, a moderate pro- 
portion of them an; rather short, a large proportion 
of them are of medium height, a moderate proportion 
of them are rather tall, and a small proportion of 
them are very tall. Similar frequencies of occurrence 
are observed for their muscular strength, for their 
keenness of eyesight, and for other physical attributes; 
and similar frequencies also for their capacity for pro- 
ducing munitions, supposing that they are all working 
their best. But supposing that the workers are arti- 
ficially limiting their output, then the frequency of 
distribution of their output values would almost in- 
variably fail to conform to the normal probability 
curve, 'rake, for instance, the other group of women 
who were sorting cartridges at a time rate. Their 
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but they were likewise guaranteed a fixed time rate, 
so that however little work they did they were still 
paid a considerable wage. As long as there were 
plenty of shipyard hands available this system worked 
fairly well, for if a worker persistently slacked, so that 
he did not earn the guaranteed time rate, he could be 
discharged. During the war, however, the demand 
for shipyard hands, and especially for riveters, became 
greater than the available supply, and the men now 
controlled the situation. They soon learnt that it 
was easier and pleasanter to make no attempt to earn 
their piece rate, but to do as little work as possible, 
and still receive the very generous time rate which 
had been guaranteed them. At one period scarcely 
a riveter earned the money he was paid, and in some 
weeks they were paid nearly double as much wages 
as they had earned at current piece rates. When 
this system of a guaranteed time rate was abolished, 
the number of rivets per hour put in by the men was 
very nearly doubled. Taking three trial weeks in 
1915, 1916, and 1918, the relative number of rivets 
per hour put in by each squad varied thus: — 

Nov,, Nov*, tftft* Mftfcli, ifiS, 

Relative number of rivets ... too ... 1S5 ... 198 

There is good reason for thinking that even now these 
riveters arfe by no means doing their best, but that 
they could attain a relative value of about 300 if they 
worke'd their hardest. As it is, they get such high 
wages, and have so little opportunity of spending 
them, that they lack the necessary incentive. 

The other ironworkers in the yard, such as the 
platers, caulkers, and drillers, were not so as the 
riveters, but they limited their output likewise to some 
extent So serious was the limitation at the worat 
period that it is probable that in the construction of 
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a single battleship considerably over ;^ioo,ooo was ; 

paid for ironwork which was never done. This was 
sheer economic waste, for it was of no benefit to the |i 

riveters and others that they should idle away half i' 

their time. Rather was it to their moral detriment. ] ’ 

Rvidently, therefore, it is of the greatest importance 
that the workers should be induced to give us of their i,| 

best, and entirely avoid any limitation of output. If | . 

nece.ssary, let tlieir hours of work be shortened, and l^i 

their piece payments increased, but true industrial 
efficiency can never be attained unless artificial limi- t, 

tation of output is wholly abolished. 

Lord Leverhulme’s Scheme.— Lord Leverhulme has 
recently suggested the adoption of a six-hour working 
day. On his scheme one shift of workers starts at 
7 a.m. and cease.s work at 1.30 p.m., whilst there is 
a break of half an hour in the middle of the morning. 

A fresh shift of workers comes on at 1.30 and works 

till 8 p.m,, with a half-hour’s break for tea in the ? 

middle of the afternoon. By means of this double ? 

shift the machinery of the factory is kept running for 

12 hours a day, or 72 houts a week, whereas on the i 

usual 8-hours-a-day .system it is running only 48 or 44 
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the saving of costs by running the machinery for "ji 
hours a week instead of 48 hours would not be con- 
siderable. Still, taking the industries as a whole, 
there would doubtless be a very great saving. When 
we come to compare the total output in a six-hour day 
with that in an eight-hour day it is clear, from the data 
previously quoted, that no hard-and-fast rule can be 
laid down. The workers engaged in vigorous and 
active work would probably produce nearly as much 
in six hours as in eight hours, but those who were pas- 
sively watching automatic machines, or were engaged 
in other light work, would find it impossible to do so. 
Perhaps the difficulty might be solved in their case 
by arranging for them to work seven hours per day 
instead of six hours. They might start work at 6 a.m. 
instead of 7 a.m., whilst the second shift might work 
on till 9 p.m. 

With Lord Leverhulme’s contention that the workers 
ought to have two hours a day to devote to educational 
classes, or, later on, in the case of men, to militaiy 
service, one has every sympathy. In consequence 
of their better education the workers would doubtless 
be able to work more skilfully and intelligently, and 
so the large amount of unskilled labour would gradu- 
ally be abolished, and be replaced by more skilled 
labour, which could achieve a much greater production 
by the employment of more machinery. Still, the 
question is bound to be controlled to some extent by 
economic factors. If this country wishes to comiMite 
in the open markets of the world against other coun- 
tries, such as Germany, which might be running two 
eight-hour shifts each day (e.g. 6 a.m. to 2 p.m., and 
2 p.m. to 10 p.m.), it might be found impossible to 
grant the workers such considerable relaxation of 
hours. However, the question which should first be 
decided is: What number of hours, with work paid 
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at piece rates, gives the best output? Probably 8 
hours a day or 44 hours a week (Saturday being a 
half-holiday) is a good average for most industries in 
peace-times; but if this is the best average it follows 
that 9 hours or more a day must be the best for some 
of the less active types of labour, and 6 or 7 hours for 
some of the more active ones. In any case, it is 
extremely important to get at the facts first, and then 
one can accurately predict the results of adopting a 
definite policy in one direction or another. 

H. M. V. 
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FRESH AIR AND EFFICIENCY 


The subject of physical efficiency makes an espe- 
cially urgent claim upon our consideration in these 
momentous days of strife, and it will continue to do 
so during the strenuous period of peaceful effort that 
is to follow them; therefore it behoves us to prac- 
tise and to promulgate those precepts that relate to 
our physical well-being. Foremost amongst these is 
the precept of fresh air. Indeed, the most striking 
lesson within the sphere of hygiene that our experience 
has to teach is the human nea! for fresh air, and how 
sensitively the human body reacts to the ceaseless pla* 
of its aerial environment. Designed as we were for 
open-air existence, is it surprising that artificial con- 
ditions which exclude a sufficient^ of what the poet 
has called “ Nature’s sweet breath” should prove 
inimical to our physical efficiency and be attended 
by the Nemesis of much preventable sickness and 
premature death? 

I profKtse, in the first place, to indicate hriefiy the 
nature of the past and present evidence of the evil 
consequences of the lack of fresh air upon hmith an|! 
physical and mental efficiency, and then to consider 
how foul air operates in pi^ucing these results^ 
although the latter is a biologicid proUem whidh fiat 
not yet been completely »>lved. 

So far as the civil community is poncemed, the evil 
consequences of the lack of fte^ air are detnon^mtdl 
by the following facts:-— 


m 
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1. There is evidence that it lowers resistance to 
acute disease (especially catarrhs, bronchitis, pneu- 
monia, and phthisis) and that it favours chronic 
wasting diseases. 

2. Dr. Ogles’s researches demonstrated that of all 
the male industrial classes those with the lowest death- 
rates are the classes whose occupations are carried on 
in the open air. The death-rate from phthisis and 
diseases of the respiratory organs is greatly less 
among them than the rest of the male community; 
indeed, agricultural labourers furnish but half of the 
average adult male mortality from consumption I The 
differences in food and housing cannot possibly 
account for this much greater freedom from pulmonary 
disease. 

3. The excessive incidence of pulmonary disease 
^exceeding 50 per cent) on the inmates of back-to- 

^ack houses, in which there can be no through-venti- 
lation and useful circulation of air, has been well 
established by Tatham and others. Dr. Tatham’s 
investigations at Salford were very thorough and 
exact. He found that in districts where all the houses 
were built on the vicious system known as ** back-to- 
back , the phthisis death-rate was 5*2 per 1000 livingj 
where 56 per cent of the houses were so built, the rate 
was 3.6; where 23 per cent only were so constructed, 
it was further reduced to 3.3; and, lastly, where there 
were m) “back-to-back” houses— that is to say, where 
all the houses were provided with some means of light 
and air both in front and to the rear— the rate was 
Only 2.8 per 1000. These results are all the mom 
remarkable because, with the exception of the absence 
of means for through-ventilation, the back-to-back 
houses on the whole were, in Dr. Tatham^s opinion, 
in better sanitary condMon than the other houses. 

4* During the past half-century there has b^n a 
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rtfdiictioii of 50 per cmt io the death-rale from phtliisis 
in the civil cainin unity* Many factors liave ccniiliined 
to bring about this rernarkable result# but il is agreed 
on ail sides that better housing (cc)nnc>tifig better air 
amdkmm) have been an important factor. 

There is some testimony to the fact that fresh air by 
day not suffice 10 make amends for fern I air by 
night- -that the deatli-rata from respiratory clisraiiss 
liiicliiding cofisumpikin) may be high imotigil those 
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that “the polluted atmospheres of overcrowded un- 
ventilated barrack rooms has been, in times past, 
a potent cause of disease and mortality in the British 
army”, . . . that “the importance of this, as bearing 
upon the efficiency of the army, appears to have 
been hitherto very imperfectly appreciated”, and that 
“stagnant air, especially in sleeping- rooms, is a 
poison They recommended that 600 cubic feet per 
man should be provided as soon as practicable, and 
that arrangements should be made to renew the air 
within this space at least twice in every hour. But 
this minimum of 1200 cubic feet of fresh air per man 
per hojjr is insufficient. It would lead to 0.06 per 
cent offlespiratory carbon dioxide in the atmosphere, 
and the air would then get too hot and moist; and so 
a minimum of 1200 cubic feet has long since been 
discarded. 

If the soldier’s air ration was so disgracefully small 
in 1861, it was doubtlesss rather worse than better 
prior to that period ; for a previous Royal Commission 
on the sanitary state of the army had also recom- 
mended 600 cubic feet of space per man, and thaf 
circumstance is likely to have had some effect in in- 
creasing the space allotted to the soldier shortly before 
1861. 

It is certain that from 1861 there was a steadily- 
progressing improvement in the provision of cubic 
space and ventilation in barrack rooms, and that by 
i86g there was little, if any, accommodation under 
500 cubic feet per man ; but the 600 cubic feet limit 
was by no means general — it became so a few years 
afterwards. 

Now the best available indication we have of the 
effects of foul air upon human beings is provided by 
diseases of the lungs, and notably by consumption; 
but I should be disposed to select the non-fatal con- 
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dition generally described as “catarrh”, as the most 
sensitive index, if the facts of its prevalence were 
available. This is, of course, not the case, and so 
we must take consumption and see whether the facts 
(»f its {trevalence and of the mortality it caused in the 
British army on home service (as disclosed in the 
reports (»f the medical dcfiartment on the health of the 
army) bear any relationship to the soldier’s frttsh-air 
r 

I .shall refer, there were change,s in the nomenclature 
of the diseases of the re,spiratory tract which make 
a .strict comparison with later years impos.sible; but, 
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nition of consumption and improved precautions 
against its spread played a part. On the other hand, 
it may be argued that the air conditions of the worst 
barracks would have furnished a more evil record 
were it not for the fact that the men occupied, in 
rotation, barrack rooms with diversities of cubic space 
and ventilation. 

In 1875 Dr. Farr found that the death-rate in the 
London garrison of the Guards was 20.4 per 1000 of 
strength. The rate was not more than 3 per rooo 
just before the war. The fact that in the same barracks 
the men are now better spaced and the rooms better 
ventilated is known to have contributed largely to 
these happy results. Hear what the great Edmund 
Parkes (a man whom all hygienists hold in the 
greatest reverence) has to say in this connection: — 

‘‘With very difTerent duties, a variable amount of 
syphilis, and altered diet, a great amount of phthisis 
has prevailed in the most varied stations of the army, 
and in the most beautiful climates: in Gibraltar, 
Malta, Ionia, Jamaica, Trinidad, Bermuda, &c., in 
all which places the only common condition was the 
vitiated atmosphere which our barrack system every- 
where produced. And, as if to clench the argument, 
there has been of late years a most decided decline of 
phthisical cases in these stations, while the only cir- 
cumstance whicb.has notably changed in the time 
has been the condition of the air.^’ 

The experience of the nary is very similar to that 
of the army, although it is less accentuated. The 
invaliding rate from consumption during 190a to 1910 
shows in comparison with that of i860 to 1870 a drop 
of 18 per cent. This is ascribed to the better spacing 
and placing of cabins, and the better ventilation pro- 
vided since the early ’seventies. Prior to 1870, diseases 
of the respiratory organs were the most prolific source 
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of sickness and loss of eflScienqr in the navy (one- 
sixth of the total sickness, and one-fifth of the total 
deaths were ascribed to these diseases); whereas the 
average for the five years ending 1912 is between one- 
seventh and one-eighth of the total sickness, and but 
one-twentieth of the total deaths (after making full 
allowance for the men who are ‘‘invalided out” of 
the navy on account of these diseases). 

As to our prisons, Baly, writing in 1868, recorded 
that consumption was three times more prevalent in 
Millbank Prison than in the Metropolis; and it is 
certain that more cubic space and better ventilation 
were the main factors in bringing about the subsequent 
great reduction in this disease among prisoners. 

And what is there to be said of our army that is 
shaping so magnificently in the great war? It has 
been a wonderfully healthy army, and no effort has 
been spared to make and keep it so. I have, however, 
been greatly impressed, as the result of my inspections 
and the facts disclosed to me by medical officers, with 
the evidence this army has afforded of the value of 
ventilation in reducing “invaliding”; and I have 
reached the conviction that the sufficient ventilation 
of barracks, huts, and billets is a prime requirement 
of army sanitation in the interest of army efficiency. 
Realizing this, the Army Council, quite early in the 
war, issued an order that at least two diagonally op- 
posite windows in every hut and barrack room were 
to be kept constantly open to their fulleit extent (iay 
and night); and the importance of sufficient ventilation 
was (later) again impressed upon the commands. In 
certain night inspections in winter months I found that 
the prevalence of conditions of <atarrh amongst the 
occupants of huts bore a close relationsiiip to the state 
of the atmosphere of the huts which were inspected. 
Units were found to vaiy considerably in the extent to 
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which they ¥eotilated their huts. It was a usual ex- 
perience (io the early days of the war) to find several of 
ihc men of a fully-occupied hut, in which all^the win- 
dows wTre closed, to be coughing and sneezing; but 
when, at the same time and in the same large camp, 
there was another unit trained to more open-air con- 
ditions, with several open windows to each hut, there 
was generally an entire absence of those symptoms. 
There was a freshness in the atmosphere of these 
latter huts that contrasted pleasantly with the stuffy 
state of the air in the other huts inspected. This was 
very impressive evidence of the close relationship 
between fresh air and efficiency in the army — for 
catarrhal conditions not only lower the efficiency of 
the men who are able to carry on, they prevent a cer- 
tain number from doing so; and, by conferring a 
predisposition, they are frequently the precursors of 
serious invaliding from other diseases. These catarrhal 
conditions lower resistance to several forms of disease, 
and ha%"e been intimately associated with the incidence 
of spott«I fever and pneumonia among our troops. 
One cannot but struck by the general coincidence 
of the prevalence of Sfx>tted fever with a high sick- 
rate from catarrhal affections. Furthermore, histories 
of outbreaks of spottwi fever and pneumonia in civil 
communities usually di^Iose an association with over- 
crowding and lack of ventilation. And so it would 
ap^tr that, whenever catarrhal conditions are unduly 
prevalent amongst our soldiers, it is wise to let this 
fact «rve as a signal for increased ventilation, to 
treat it as raising the pc^ibiltty of the presence or 
tttrly appearance of more serious disease. 

In the army hut the authorized mobilization scale 
of iTOr space {»r mm is only 40 square feet; therefore, 
when it is fully occupied, it is necessarily very crowded, 
and unless the air is frequently renews it soon be- 
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comes unhealthy. Any practicable increase in the 
floor space would be, per se^ no material remedy for 
the bad air conditions. For with an additional 10 
square feet of floor area the air would reach the same 
standard of impurity after a further few minutes; and 
if the air is only changed once in every hour the re- 
spiratory carbon dioxide would reach 0.13 per cent at 
the end of the hour, and the associated physical con- 
ditions would render the air unhealthy. Therefore, 
short of an impossible allowance of sleeping space, 
frequent air-renewal is the sole means of keeping the 
air fairly fresh, and therefore capable of maintaining 
health and vigour. For this, opposite open windows, 
as many as possible, according to weather conditions 
(and always at least two diagonally opposite ones), 
are necessary. If there are hopper windows, every 
other one on both sides should be permanently fixed 
in an open position. These remarks apply whatever 
other ventilation expedients have also been adopted. 
But, notwithstanding the fear of punishment for dis- 
obedience, orders are always most effective, from the 
standpoint of results, when all concerned are informed 
upon their object and importance; and the practice of 
the open window depends very largely indeed upon 
the formation of the conviction that leads to practice, 
and thus to the formation of habit. And so this sub- 
ject has generally been introduced among those on 
which the soldier has been appealed to by the medical 
officer. 

Unfortunately, efforts to promote the better ventila- 
tion of quarters by night have been seriously inter- 
fered with in many camps by the lighting orders 
necessitated by enemy bombing raids; for the darken- 
ing of an open window by closely covering it with 
a heavy curtain, &c., seriously discounts its v^ue for 
ventilating purposes. 
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But I must not close this reference to army experi- 
ences without referring to a recent experience in the 
Ainerican army. In December, 1916 (^-s recorded in 
Jle Mlilitary Surgeon)^ a division of the United States 
ariny was under canvas in Camp Wilson, Texas. 
The great prevalence of respiratory diseases led to a 
conference of medical officers, at which it was agreed 
that better ventilation and airing of the tents was 
indimted. The co-operation of regimental commanders 
vari«i| and the prevalence of respiratory diseases, 
aad of measly, closely conformed to these variations. 
Although nearly 14,000 men were occupying the same 
camp during the same period of observation, some 
unite had a high sick-rate from respiratory diseases 
and measles, and others a low rate, and ventilation 
was found, after a close and skilled enquiry, to have 
a similar effect u{K>n measles incidence as it had upon 
pspirmtory disea^s, namely, it reduced both. It was 
also found that cold weather and rain favoured re- 
%pif mtMmj disea^ among the troops by causing them 
m befi together in the huts. It is the stoves which 
altogtihe men, and these lead to an increased draught 
from any open window, and so this gets closed. 

A very fatal disease which we in this country have 
had t^poituniti^ of bringing under proper scientific 
iave^igatioB only in quite r^ent years is cerebro- 
spnal- fever m ** spotted fever”. The testimony to 
^ mine erf fr^ air in the prevention of this disease 
is very striking, and when spotted fever occurs we 
have learnt pmm. es^&rmme the value of better spacing 
out and fr^h air in reducing its- spread. The. 
vrfue of ventilation in .cerebro-spina! fever is' 
^itlf due ^ the mmhit lur thereby secured,, for the 
sf«:ific 'g^tm dfos so mpMly in 'TOoI air that the* 
M Ite spread of inf^stion is thus reduced, ' 
OLii the fruiter air protebly ^ts chiefly ** k^ing 
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up’* the individual’s resistance. Overcrowding facili- 
tates the transmission of the disease from man to man, 
and Captain J. A. Glover, R.A.M.C., and others, 
have established the fact that the “carrier-rate” of 
this disease increases with overcrowding. 

The prime importance of ample space and the free 
ventilation of quarters as a preventive measure against 
spotted fever is emphasized in a special War Office 
memorandum. Doubtless when this disease is in 
evidence, and the carrier-rate is high, the beds should 
be kept at lea^t 2 | feet apart (involving a maximum 
of twenty-four men to the standard hut of 6o feet 
X 20 feet), and the freest possible ventilatb.n should 
be provided. 

It is interesting in this connection to note that the 
men in bell-tents, in which they are much more 
crowded than in huts, show no increased incidence 
of attack; indeed, although on the average the men 
in such tents have less than half of the mobilization 
scale of floor area in huts, the incidence of spotted 
fever, as also the carrier-rate, are generally hmer with 
them. In my opinion this case is best explained by 
the fact that the air in the tents is relatively cooler. 

There can be no doubt that a main factor determin- 
ing the prevalence of consumption is foul air. The 
evidence as to this is overwhelming, and admits of no 
questioning, and the good results of the open-air 
treatment of the disease afford some corroborative 
testimony to this. The results obtained from the 
treatment of many other forms of disease (including 
infectious disease) on similar open-air lines is also 
very striking. 

Seventy-five years ago Dr. Bodington trmted his 
consumptive patients upon ‘‘open-air” lines. But 
even one hundred and fifty years ago Lind, a distin- 
guished naval surg^n, adtw^bed die best “ open* 
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air’’ hospital conditions, and he gives evidence of 
how much better his patients did in old drafty tents 
than in crowded hospital wards. At the same time 
Brocklesby, an army surgeon, furnished similar testi- 
mony. Notwithstanding the cold and dampness of 
old sheds in which the soldiers were placed, he states 
that remarkably fewer died from the same disease, 
though under the same regimen and treated in the 
same manner, than was the case with those in hospital 
wards, and that the convalescents recovered sooner 
than those in the warmer and more weather-proof 
huts. 

There is a mass of evidence to justify the conclusion 
that a lack of fresh air exerts a markedly deteriorat- 
ing effect upon both mental and physical powers. 
But before indicating the nature and extent of the 
observations and experiments which constitute this 
evidence, it will conduce to a clearer understanding 
of the issues if I endeavour first to explain close 
relationship of foul air to disease and loss of efiiciency. 

The research of recent years has done much to 
elucidate this biological problem, but the limitations 
of time do not permit me to do more than summarize 
this research. In this matter we have slowly felt our 
way to a scientific objective — hypotheses, based on 
imperfect knowledge, have been framed from time to 
time to explain the observed facts, and these have 
been tested in the light of an improving knowledge, 
and discarded to make place for the recent real advance 
of our knowledge on this subject. For this advance 
we are mainly indebted to the work, within recent 
years, of Haldane, Fliigge, Leonard Hill, and certain 
American experimentalists. 

The harmful ejects of stuffy air were first ascribed 
to a form of poisoning, due either to the altered 
gaseous constituents of the air or to the presence of 
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rvh,>l*'«i matu-r of human origin, but singly 

iun! < nUrrtjvfly tlit-y failed under the ordeal of experi- 
mfiilainni to justify this contention, and as our know- 
inlgf id jihysioitjgy increased they became more and 
i more i»i lonflict with its findings. 

; v ffi (YK.~ When human beings foul an atmos- 

j jrhere hy respiration they add CO.^, a trace of organic 

I matter, and a variable amount of odour, and they 

» the rotygen content. As to CO3, even under 

the wtirst crnulilioii.s of human fouling, this inert gas 
dors not r)(«;r«?d o.H per cent of the atmosphere — it 
; seldom cisceeds 0.4 j>er CKi»t““and experimentally we 

f find that the ww/v result from breathing air with even 

I I j«*r cent t»f is a very faint increase in the depth 

of bfeaihittg (the slight rise in the COj of the blood 
derrerrsing its alkalinity and so exciting the respiratory 
' centre); and we know that in the small air sacs of the 

lungs the Ct ), is from 5 to 6 per cent And yet until 
j ctfmjsuatively recently it was believed that it was the 

I t'C), added t*t the air by human respiration that was 

’ the res|H»nsible factor in the evil effects of foul air. 

Jt (o Ox^vgm. oxygen content of the roost 

^ crowded and worxl ventilat^ room is never i per ^nt 

t Inflow its amonni in the outside air, and therefore it is 

j always higher than it is in the Alpine health resorts; 

j and the oxygen ramienl of the air in the pulmonary 
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clothing. This odour can but have a transient psychic 
effect upon those who Jirst enter an already stuffy 
room — for our very keen sense of odour is rajlidly 
exhausted. 

Certain other changes in fouled air had, until com- 
paratively recently, received but little consideration. 
I refer to the fact that air markedly fouled by human 
occupation of a room becomes changed in its physical 
characters ; it is more or less stagnant, its humidity is 
high, and its temperature considerably increased. 
Experimentation was therefore directed to test the 
power of the altered physical state of the atmosphere 
to produce the enervating effects of overcrowded and 
badly ventilated rooms. The experiments have gene- 
rally consisted in confining men in comparatively 
small experimental chambers and observing the effects; 
and, later, certain contrivances were adopted for vary- 
ing the quality and the quantity of the air within the 
chamber. Sometimes tubes leading from the chamber 
to the outside air have been provided, and it was 
found that when subjects were affected by the atmos- 
phere of the chamber they obtained no relief by 
breathing through this tube, whereas if they stepped 
outside of the chamber relief came at once. Again, 
if a subject breathes through a tube the stale hot air 
of the chamber, while standing outside of it, no un- 
pleasant symptoms appear. Even when sitting in 
the chamber relief is experienced when the air is set 
in motion by fans. These experiments have been 
repeated, with slight modifications, by several inde- 
pendent workers, and the results have always been 
in ^rict conformity. They e^blish the fact that the 
evil results of close, ill-ventilated rooms are not due to 
respiratory impurities accumulating in the frequently 
re-breathed air, but to its altered physical characters 
’ — ^in short, thei evih of fowl mir are not due to chemical 
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M fwg ihnmgh the iungs, but to physical 
hkh net thrnugh the skin. 
r til fsplain tht; effects of this altered physi- 
»f thi’ atmosphere upon human beings it is 
to ri-ial} a few physiological and physical 
II* hr,it.ri*gtilating mechanism of the human 
jjrm'isiw} of essential impcirtance to health 


IKf IfTliiwreunin^ 


inarki’il If the equilibrium between our heat 

prixhii tiiin and our heat loss is disturbed, heat reten- 
tion may ensue and symptoms develop that are closely 
akin to those Imiuglit about by foul-air conditions; 
•md it is in a high degret; probable that foul air acts 
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“drying iK»w**r'*, or rajtacity for taking Hj> nsointniT, 
by reason of the fact that it isalre.uJy nearly salnratial. 
And so, tvhile the temperature of the vitiated air riw s, 
the chief means of c<K»ling the l«»«ly is thrown uui of 
action by the ct)nc«tmiiam im rease in the moisture of 
the atmosphere, and slig'hl heal retention takes |3ia« e. 
with symptoms of inattention, Jisitessness, restless- 
ness, poor work, and headache, rinis, in a hot OKim, 
more blwid is sent to the .skin for heat-regulating pur- 
poses, and the activity of the countless sweat gkantls 
is increased; but if the heat loss is interfered with, as 
it is in a crowded ill-ventilateti r««im, along with 


beat, and the whole metalwlbm of the IwMly is affetdet 
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I h.tv** !. r* rrf'«l to th»; fart that the chamber experi- 
ojr.ttN jirov.nj that relief is experienced when the air 
..I ih*- * IS set in motion by fans. Doubtless 

ihr. n-tn f. r%t>n when the fou! air has a wet-bulb 
o-mjM f.iioti- of No’ Sj* F., results from the displace- 
mi'iit It br»nf»s alxiut of tin? hot air, at a wet-bulb tem- 
jn-r;«ur»' of »»H F., which b in contact with the skin 
and enmrshetl in the clothing immediately against 
the skin. 

In irff-Mi Dr. Jiimcs ICerr report^ to the London 
frniniy l ouncil (as the Education Authority for the 
fooniy of London) upon the relation of the class-room 
aimtwphere to the working eflidency of school chil- 
dren. *rhe following tests were adopted; The numbtir 
of simple addititni and subtraction sums that could be 
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j:onc;lu,Hion.s: 'i’hat rarixtii tlioxitii* t»|j imj. 5^ i« r rent 
I'xerw no appmiabli* fflrtt ud rni-ui.il that 

tcmpt'rature.s ahovi* {15 iiitli>j»*ndr!i! fti air 

conditions, jjivc risi’ to tit-finid* suhjct ftxr ■.ynsjifotn-. 
(slackness and inattention in somr, In atiat hr in otln rs, 
and deterioration in mental xvorkj; that thi '.r symp- 
toms do not apjwar at 65 I*, it ilte air is kept in 
gentle movement by a fan in the room, atnl that at 
higher temperatures the alrove symptoms are amelio- 
rated by such movements of the air : that with tem- 
peratures of jro* F. ami tivrr, other fa* tors Irthng 
normal, there are marked symptoms and very evident 
deterioration in mental alertness and aicnracy; ami 
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-il ifi.a ihi- rhismiral stat« of the air 

I. V, II «h« )) ih.- t 1 1, fj..| jM*r rent) has no such 

••(if, i. h%t'n ,t ‘th|»hlly t'lfvatetJ rmjm temperature 
(••I ;■ s t' l K*“' whirl] warrant careful pre- 

«»verh«'aiin|». Jn a rrmm t)f 75” {•’. 
alKiui j y }♦*•] di iit l<•'.s physiral work was done than 
wh. i* tl»<' ^amr studrttis were leslftl at 68 F,; and 
aj 8t» I . tin* physit il work done fell 35 {kt cent. 
Ht}»h irm|». i.iiure had no effect ujjnn the quality of 
work, -i-rvi’ to redming the inclination for it. 
t*iiHhefinoie, hv iio ans of staiidiird lunche.s and an 
e«uoti.ite of the *atorHrs ronstimetJ, it was found that 
the f»e»l ro»sMit»jiii«ifi was «» per cent greattir in a well- 
vettidaied aimosplirre than in foul air. The value of 
ofifD.aif s* hiwds a** {irimoiing the physical welfare of 
t |]iidren has long Iwm retognjjMfd. The constant 
Iwneffis from sinh M-hooh inelucle increases in the 
weight, slrrngih, chest cspnsion, haemoglobin con- 
tent «if the blood, and physical activity, with a greater 
o.’ed of fiewl ami ini reaml jaiwers of assimilation. 
" t he pupils Irani w ith less effort, better retain the in- 
formal ion ioifiaitied, and show leas and less of the ner- 
vous strain due to clove, heated Khoolrooms" (Board 
of licalih, Mii'htgao), Th^ restilw are universally 
itelirvrtl to lie mainly il«« to improved air wnditbns, 
aofi mcideotally it way be added that the children 
ri^jiiire lieiie# roftditiona for body heal removal than 
adolia ; bill the Iseiier clwhinff of the body, the better 
dieting, the mitlday sleep, and the reduction in mental 
wuih, are ail coitfribuiing factors to the good results 
olnainnh The circurnttattce that, despite the lighten- 
ing of the mtntat worti, the ichdhirf do foil &hind 
the other rhlWren in ilwir schotdlng Is noteworthy, 

It may he claimed lluu experimenti have now nsiatf- 
hslmt the facta that if tint aurfottiidinf temperature 
fsiaisnla yo* F, (W.ll.) it it thibtf 10 pr^uce discotn* 
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fort and to lower physical and mental efficiency; that 
such symptoms set in when the body temperature 
rises above 99® F.; that continuous work is impossible 
with a W.B.T. of 78° F.; and that 2000 cubic feet of 
air per head per hour at about 60® F. are generally 
required to regulate suitably the physical state of the 
atmosphere of occupied rooms. Although the amount 
of respiratory COg in the air (within a likely degree of 
“overcrowding’’) does not matter, it remains a useful 
index to bad air conditions; for although a low figure 
of respiratory COg does not, per se, guarantee a satis- 
factory atmosphere, the harmful physical changes in- 
crease pretty much pari passu with the respiratory 
COg. If, then, we allow an adult 2000 cubic feet of 
fresh air per hour, this will keep down the CO^ respira- 
tory impurity to 0.036 per cent, and it will keep the 
temperature and humidity within hygienic limits. 
Even in the winter months an individual can readily 
train himself to tolerate an air movement that will 
change the air in the room two and a half times per 
hour, and so 800 cubic feet of space will suffice for 
one adult; but if he can secure 1000 cubic feet, the air 
need be changed only twice in every hour. 

How do foul air conditions operate in favouring 
actual disease? Let us first consider communicable 
disease. It is certain that the depressing effect of foul 
air reduces our resistance to many forms of infection, 
and so increases the susceptible portion of the com- 
munity. Catarrh is the cause of much inefficiency. 
It is fostered by foul air conditions, and the subse- 
quent chilling to which they expose us; and, like 
influenza, measles, diphtheria, spotted fever, con- 
sumption, &c., it is often spread to susceptible per- 
sons in the immediate vicinity by infection organisms, 
in particles of moisture discharged from a sufferer 
in: the acts of coughing, sneezing, and forcible speak- 
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and it is expressed in terms ol' mille-ealories pitr scpjare 
centimetn^ per s<r(>nd. The wet Kata-theriHomeWtr 
result will be at least 20 (it mtiy reach aK oiit-ol-doors) 
if the air is in a satisfactory slau*. 

'I'his rate of loss of body lieat by ttundut tion ant! 
convection is promoted by tlie movement of air past 
the l)ody — mttre especi.illy, of course, w lien the moving 
air is cool, h'resh air refreshes by its rapid remtwal 
of heat from the body; and the prime recfuirement of 
ventiiafion is to keep the air reiatwelv coot and in );entie 
motiofi. 'I'he proldem is one of maintaining air- 
freshness rather than MT-parity, ff»r thi' Itenefutial 
results of fresh air are chielly on the surface of the 
body and not on the lungs. The bracing effect of the 
cfs'iseless flow of sensory impressions resulting from 
the movement of etKil air over the skin is also of high 
value in promoting ourefticienc y; we livetm 11 higher 
plane, and all our vital functions are ** toned up 
'Fhus fresh air promotes the vigorous tone of the 
nervous .system; favours the eirniiaf ion and the IsesI 
distribution of the hltMMl in the sv stem; more rtxygen 
and food are taken in. and metaladism is intreatwtl; 
it tone.s up the system and makes us more vigorous 
of brain and muscle; while warm, frail air relaxes «ntl 
enervate-s, and lowers our ellicienry. It is not stir- 
pri.sing, therefore, that the sedr iuary worker in ufiiluly 
warm and insufliciently ventilated oftk es, work-roii»n«* 
and .sitting-rooms suffers a loss in iKslily and mrittal 
vigour. It is the jjinialty that he |«*ys for his newlwl 
of fresh air and exercisi;. 

We must fight against the tendency to *' coddle ", 
to acffuire that evil and unnatural hyf«tf.sensii»v«ii«« 
t<» cool air which b .*a> much in evideine. By ac- 
customing ourselves to slight rlraughts. whirh awt 
inseparable from , fn*sh«air txmthtions, we tvdmpe 
the risks from chills. This toleration ran only be 
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achieved by maintainidg the atmosphere on the cool 
(fresh) side, and thus reducing the difference in tem- 
peratures between the internal and external air. 

A draught is the perception of a current of cool air 
on a warm skin. The human organism, as we have 
seen, makes certain dispositions in order to face the 
heat and the cc»ld. It is impossible to maintain at one 
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4 . A window (or window.) muM ix- day an 

night in every iHreiipietl room. If %v. aihi r 

limit the application of ihi?* rule, !h»* dour \}i«iit3d Ij 
kept wide open. The fireplate am! *hmiiiev «*{« i»ifi 
mu.st never bt; bltKcketl, 

5. To aid the toleration of told .or ( on! j 

windy and wet weather) certain «.iinple 1 omriv.im*- 
are ujscful. It i.s imjiorlani that t «({»! fre**!} an >vh«wl 
enter a room in an upwartl dirretiou, at hetgbt whir 
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i:;irni*’nss nrst !«* £}»• skin. Kspitcially is this impor- 
!.>»t thuiiij' tin* priMi'ss «>f acclimatization. 

K. Aviiid ovrrcniwding ami overcrowded rooms. 
ii, If marrii’tl, \v«‘ must of necessity make converts 
of our w ivi':. «)! liushantls. A woman’s main objection 
t»» !h«’ KjM'ii windmv sometimes ari.ses from the fact 
In larije towns especially, her clean white cur- 
t.iur. so so»in ln’iimte dirty, and many husbands are 
n«»i disposi’il to sacrifice comfort to health even for 
the short j»i‘rio*l necessary for the establishment of 
loleraiion. But no mw c;in doubt that the extra 
household wnisliinin and some temporary discomfort 
arc amply 1 om(wii sated for when acquainted with the 
facts that havr Iwcn 1^^*1111^ in this brief presenta- 
ii*>n of the subject. The mesage of these fiicts is-— 
'riie Open Window in the Cause of Efficiency and 
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